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w man cctured in this country for the first time—the 
of fully eeffproportioning of burners. 
Stordy Technical Eagineersare discuss any 
bustion oSlems where STORDY-HAUCK Equipment 
can be used with eugeess. Brochures are available and 

will be supplied on request 
The rang. STORDY-HAUCK combustion equipment 
#meludes :- 
Kully Propertioning OF) Burner 
4S UCK Combination Proportioning OF and 
Gas Burners 
STOR” Self Clean Metering OF Valvus 
“AAUCK Micro Cam Of Valves 
STORD- 4HAUCS Radiant Tube Burners {for either 
gee or 01} 
Burners 
Blended Flame Units ffor of firing 
with axcess air) 
Ol Pressure Regulators 
STORO. MAUCK High Radiant Cone Gas Burners 
STORD Adjussabte Plow Valves (for gas 
ard air) 


STORMS” CPENCER Turke Comprassors. 


Application of Stordytauck Propertioning 

Burner Maffie Furnoce, 

“with qnomouc contrel 0H, primary “and 
secondary he secondary air being pre-heoted te 300°C. 
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The Wild-Barfield Generated Gas and ‘Carbodrip’ 
methods of gas carburising ensure minimum car- 
burising time, fastest production rates and full 
quality control. Write to us for advice on the 
application of gas carburising for your work. 


~ ELECTRIC 


FOR ALL HEAT-TREATMENT PURPOSES 


WILD-BARFIELD ELECTRIC FURNACES LIMITED 


ELECFURN WORKS, OTTERSPOOL WAY, WATFORD BY-PASS, WATFORD, HERTS. TELEPHONE: WATFORD 26091 (8 LINES) 
w.8. 90 
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The illustration shows a Furnace for con- 
tinuous treatment of ferritic or austenitic 
steel strip. 

Installed at the Stocksbridge Works of 
Samuel Fox and Co. Ltd., Sheffield. 


We specialise in the design and construction o, 
Open Hearth Furnaces * Soaking Pits of 
all types « Continuous Multi-zone Bloom 
and Slab Re-heating Furnaces « Continuous 
Bogie type Ingot and Slab Heating Furnaces 
- Furnaces for Aluminium Melting, Coil 
Annealing and Slab Re-heating * Forge 
and Heat Treatment Furnaces ¢ Stress 
Relieving Furnaces « Shipyard Plate and 
Bar Furnaces « Modern Lime Burning Kilo 


PRIEST FURNACES LIMITED LONGLANDS MIDDLESBROUGH PRIEST 


also at KELHAM ISLAND WORKS - SHEFFIELD 3 


The last word in 
Fu lesii 
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may do YOUR bright heat treatment 
better 


Often the best results in heat 
treatment work are obtained with 
a furnace designed expressly for a 
particular product or manufacturing 
technique. We specialise in furnaces 
tailor-made to meet special require- 
ments. It is not an expensive 
business. And we can put a wealth 
of knowledge at your disposal. Our 
ability can be judged from the fact 
that we work for many leading manu- 
facturers. Here are two examples : 


(ror Continuous mesh-belt 
conveying furnace for bright annealing in a 
cracked-ammonia atmosphere. A special ‘ hump- 
back” design eliminates discolouration of work 
at discharge. 


(BoTTOM ILLUSTRATION) Bell furnace with three bases 
and gas-tight retorts for bright brazing and 
annealing in a nitrogen atmosphere. 


ELECTRIC FURNACES LTD 


ALBERT DRIVE, SHEERWATER, WOKING, SURREY. 


Telephone : Woking 2401 SPECIALISTS IN FURNACES, OVENS AND KILNS 
DESIGNED FOR INDIVIDUAL REQUIREMENTS 
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REFRACTORY CONCRETE 


Refractory Castables are poured and cast like structural Concrete, and being 
readily available are finding many applications, particularly for preparation of 
special shapes at site. 


eee | type | THERMAL | MAXIMUM | 
SUPPLIED REFRACTORINESS) OF HARDENING TEMPERATURE Lb. Cu. Fe. 
| SET TEMPERATURE) OF USE 
| 
Stein Refractory 
i Concrete | 
No. 13 Dry 420°C Hydraulic 200°C 120 
No. 17 Dry L1750°C Hydraulic | 160 
No. 18 Dry +1750°C Hydraulic 
Stein Chrome | | 


Use our advisory service based on 70 years experience in the refractory field—it can improve 
Jour furnace efficiency. For further information write, phone or call: 


JOHN G. STEIN & CO. LTD. Bonnybridge, Scotland 


TEL: BANKNOCK 255 (4 LINES) 
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BRIGHT STEEL 


ROUNDS HEXAGONS - 
SQUARES ; FLATS & SECTIONS 


THE 


STEEL C?L” 


196/7, PALACE CHAMBERS 
BRIDGE ST., LONDON, S.W. | 
TEL. WHITEHALL 2015 


8, CHATHAM STREET 
MANCHESTER | CEN. 0413 


ACES.... 


BATCH & CONTINUOUS 
ELECTRIC & GAS 
STANDARD & SPECIAL 


The ‘Barlow-Whitney range includes Vertical 
Loading Furnaces with Forced Convection for 


Nr. BIRMINGHAM 


1191 


HALESOWEN | | | | 


HALESOWEN 


solution treatments, secondary hardening, an- 


nealing, tempering and ageing processes. 


Write for details quoting Reference J760 
Photograph by courtesy of Faulkners Ltd., Slough 


BARLOW-WHITNEY LTD., 


2, Dorset Square, London, N.W.I. 
Telephone: AMBassador 5485-6 


Works... London and Bletchley. 


| 
A 
| 
4 
i 
i 
Ps ‘ 
BMJ 
i 6 METALLURGIA, July, 1960 


G.P.O0. BOX 


METALLURGIA, July, 1960 


Hot and Cold Rolling Millis, Rolls 

for Hot and Cold Rolling, Roll 

Lathes, Hot and Cold Shears, Hot 

Saws and Reelers, Steelworks 
Plant and Auxiliaries 


| 
NG CO. LTD. 
THE BRIGHTSIDE FOUNDRY & ENGINEERI 
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FURNACES? 


REHEATING 


DO YOU OPERATE 


Reflecting 
Longer Hearth Life 


VEMPERRIDRE °C 


° 


The economical operation of reheating furnaces 
depends greatly upon the life of the refractory 
material selected for the hearth. Whether your 
immediate problem concerns in-and-out fur- 
naces, continuous slab, end pusher, forging or 
bogi-type furnaces or one of the various types of 
soaking pits, it pays to let GR guide your selection 
of refractories. The GR Technical Service Depart- 
ment is available to advise on the correct choice Everything in 
of refractories for any specific application. 


GENERAL REFRACTORIES LTD 


GENEFAX HOUSE + SHEFFIELD 10 + TELEPHONE: SHEFFIELD 31113 
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Gibbons Mahler-v-Linde 


Atmosphere generators with a wide range of applications in many industries. 
In the metal industry for bright annealing, brazing, sintering, gas carburising, 
bright hardening, etc. 


GmvL Ammonia Cracker 


For bright treatment of stainless acid resisting 
and heat resisting steels, and for brazing and 
sintering generally. 


Gibbons Sub-X Inert Gas Generator 


A highly efficient and compact producer of inert gas, operating on standard 
gaseous fuels and distillate grades of fuel cils. 


150 c.f.h, 


15,000 c.f.h, 


Write for further details to : 


GIBBONS 
APPLIED 
ATMOSPHERES 
LIMITED 


A SUBSIDIARY COMPANY OF GIBBONS BROS. LTD. 


7 GREENFIELD CRESCENT, EDGBASTON, BIRMINGHAM I5 


"Phone : Edgbaston 4269 
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G.A.A. Endothermic Generator 


For gas carburising, dry cyanide treatment, etc. 
Automatic response to variations in demand while 
maintaining correct gas/air ratio. 
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REFRAX, which is a Registered Trade Mark of The Carborundum Company 
Limited, identifies Super Refractories made of silicon-nitride-bondec 
silicon carbide. 

REFRAX Refractories possess properties that are strikingly superior to those 
of ceramic-bonded refractories and high-temperature metal alloys. 


CONSIDER THESE ADVANTAGES: 

% Ability to withstand temperatures above 1800°C. 

% Very high hot strength combined with greater resistance to thermal shock. 

% Exceptional resistance to abrasion and chemical attack. 

% Freedom from warping, even under severe conditions. 

% High thermal conductivity. 

% Adaptability approaching that of metal for intricate designs and thin sections. 

% Unprecedented dimensional stability, which makes possible new refractory 

applications. 

WRITE TO US FOR TECHNICAL INFORMATION IF YOU HAVE A USE FOR REFRAX 
REFRACTORIES—PERHAPS FOR ONE OF THE FOLLOWING: 


Pumps and pump parts for molten non-ferrous metals - Burner tips, 
nozzles, and blocks - Kiln furniture - Heating and holding pots for die- 
cast, non-ferrous metals - Support fixtures for heat-treatment operations - 
Immersion thermocouple tubes in corrosive melts + Mixing venturis - Nuts, 
bolts, tubes, and other threaded assemblies - Cyclone-type classifier parts 
exposed to abrasive materials suspended in liquid and gas carriers - 
“Sinker” assemblies in wire aluminising furnaces - Acid spray nozzles. 


AND WE ARE HERE TO G/VE ADVICE TO YOU ON ANY NEW APPLICATIONS FOR 
THIS REMARKABLE NEW MATERIAL. WRITE TO US TODAY. 


Products by 
CARBORUNODU™M 


can cut your costs 


THE CARBORUNDUM COMPANY LIMITED, TRAFFORD PARK, MANCHESTER 17. TELEPHONE: TRAFFORD PARK 2381 
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We have :recentiy commissioned two oew Slab Reheatiny 
which fort’ part of Summer's Strip 
extensions. These furnaces, the larcestin Evrope, have replaces 


the three S. 4 A. Slab Reheaters which ‘ave heated apo. 


“Pantely 12 million tons of steel since the!: completion in 
“All Gritain’s wide ‘Strip Mill are served by S. & A. Continuo. . 
Furnaces: 


‘ - — — = 
The largest 
> 
oll-fired siab reheating furnace 
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Hearth-plate cast in 
37/18 nickel-chrome 
heat-resisting steel to 
be used in Shaker- 
Hearth Furnace. 


Thompson L’Hospied 


AND COMPANY LIMITED, STOURBRIDGE, ENGLAND. 


Thompson L'Hospied go to great lengths in the cause of 


heat treatment : 


Look at this Hearth-plate—all 12 feet of it—straight and 
true without a join, without a flaw. The perfect casting, 
in the right alloy, to do the job better. Another out- 
standing achievement by Thompson L’Hospied whose 
close association with the Furnace industry offers unique 
facilities for research and testing under actual conditions. 


A Member of the Incandescent Group 
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Depicted above is a No. 1653 Torrington Slab 
Milling Machine for overhauling non-ferrous strip up 
to 30” wide and }” thick, milling one face at a time. 

The cutting speeds are variable up to 45ft/ 
minute dependent on the material and general 
requirements. 


W.H. A. ROBERTSON & CO. LTD.. BEDFORD, ENGLAND 


LICENSEES FOR THE BUILDING OF SENDZIMIR COLD REDUCTION MILLS AND PLANETARY HOT MILLS, HALLDEN 
GUILLOTINE AND ROTARY FLYING SHEAR MACHINES, AND TORRINGTON METAL WORKING MACHINERY, 


WT .243R 
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METAL CUTTING OIL 
THAN MEETS THE EYE 


Two metal working oils . . . both Jooking alike in colour, 
possessing similar viscosities, and with apparently equal 
properties . . . you might, in fact, conclude that they will 
each give an equally good performance. 


One of the oils, however, enables faster cutting speeds to 
be maintained ... provides better tool life . . . ensures a 
superior finish to your product: this is the oil you will 
want to use again and again, saving both time and money. 
Remove the element of uncertainty when selecting your 
metal cutting oils . . . take advantage of the ‘* Vaughan 
Research Service”’ plus over sixty years’ experience . . . by 
contacting our Representative or writing to us direct, and 
thus let us prove to you that there’s more—much more— 
in a Vaughan Cutting Oil than meets the eye. 


Vaughans market Metal Cutting 
Oils, including Sulphurised and Sul- 
phur Chlorinated types for general 
machining on ferrous metals ; light- 
coloured low-viscosity oils for use on 
aluminium alloys. Special oils for 
thread-grinding, broaching. Soluble 
Oils, Grinding Coolants, etc., etc. 


Send for brochure. 


METAL CUTTING OILS 
Edgar 


€ Co Ltd 


LEGGE STREET, BIRMINGHAM 4 


Works and Depots at: Birmingham, London 
(Southall), Manchester, Liverpool, Bristol, Glasgow. 


@ In association with the Houghton group of companies all over the world. 
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WANTED! 


Consumer co-operation 


* 


Growing public awareness and official legislation is making increasing demands on 
manufacturers and suppliers as regards the quality and purity of their products and services. 
Few people except, of course, those intimately concerned, realise that in the end this means 
it is the Analytical Chemist who is responsible for ensuring standards are met and bettered. 


In fact, it is the Analytical Chemist’s ceaseless search for improved techniques that 
makes these higher standards realistic, as no legislation or published standard can itself 
ensure purity unless an analytical method exists which is sufficiently sensitive and accurate 
on all occasions, and for which there is the instrument aid available to make it practically 
useful. For companies engaged in the development of instruments aimed at making the 
Analytical Chemist’s task lighter, it is very difficult to talk to enough people in the field to 
find out what is nearest and dearest to their hearts in this respect. However, Southern 
Instruments Limited of Camberley have set themselves this task and have recruited a team 
to tackle it. Initially concentrating in the electro-chemical field, this company is building up a 
range of aids which will be designed to provide the benefits of convenient operation, saving 
in time and money, and the employment of staff appropriate to the job in question. Their 
fully equipped laboratory led by J. Hetman, F.R.1I.C. is constantly and confidentially dealing 
with a vast range of Analytical matters for Analysts who feel for example, that Polarography 
may have advantages to offer them. This enables the chemist to be fully satisfied that his 
requirements are met beforehand. This service is free, and open to anyone, and whilst itis 
not claimed that Southern Instruments know all the answers, they do know many of them. 
Future electro-chemical products will also be backed by an Applications Advisory Service. 


Conscious of the absolute necessity of instruments embodying chemist user require- 
ments, Southern Instruments have appointed Mr. H. M. Davis B.Sc., A.R.I.C. A. Inst. P. as 
Chief Engineer, Analytical Instruments Department. Well known for his design of the 
Cathode Ray Polarograph when at the Ministry of Supply, Mr. Davis now leaves the United 
Kingdom Atomic Energy Authority Research Group at Woolwich to take his unusual 
combination of chemistry, physics and electronics to Camberley. Southern Instruments wants 
to hear from any Analyst who has ideas about the Service and products he requires from 
Instrument companies and who is conscious of a desire to look into alternative methods of 
analysis, routine or otherwise. 


METALLURGIA, July, 1960 


| 
| 
t 
16 


13 22a 60 


16 METALLURKGLIA, July, 1960 


sch 
Vi 


Scientific Means 


The AEI range of Scientific Equipment 
includes apparatus for the investigation of metallurgi- 
cal, chemical and biological problems in research, 
production and processing. These equipments cover 
a wide selection of specialised scientific apparatus. 


THE X-RAY MICRO-ANALYSER 
permits the quantitative chemical analysis of volumes 
of material down to 1 micron cube. It is designed to 
cover the range of elements from uranium to titanium, 
With additional equipment—a proportional counter, 
amplifier and pulse height analyser—the range can be 
extended . 


In this micrograph cach black dot represents an area 
of approximately 1 micron diameter studied by the 
x-ray micro-analyser at the surface of a bismuth copper 
aluminium alloy. Five separate phases occurring in the 
fusion of the alloy were identified, 


Let us look into your problem 


Experts of our Advisory Service can almost certainly 
help you with problems of scientific investigation in 
any of the fields mentioned below. 


ELECTRON MICROSCOPY 
MASS SPECTROMETRY 
CRYSTALLOGRAPHY 
RADIOGRAPHY 
MATERIALS IRRADIATION 
HIGH VACUUM ENGINEERING 
X-RAY MICRO-ANALYSIS 


INSTRUMENTATION DIVISION—Scientific Apparatus & X-Ray Department 


Associated Electrical Industries Limited 


Trafford Park, Manchester 17 
N/R907 
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With this use of the Radiamatic method at Fords, 
Honeywell Instrumentation takes another area 
of car production under efficient quality 
control. RADIAMATIC heat detectors linked to 
ELECTRONIK instruments, control the quenching 
on 12 Gleason presses . . . remove the guesswork 
from temperature measurement and control... 
ensure consistent product quality with no distortion. 
Honeywell quench press controls can be applied 
Dress to single or multi-stage quenching operations. 
They are unaffected by vibration, 
high process speeds, high temperatures. 


gives precise quality 


Fords rely on Honeywell Radiamatic-Electronik system 


to obtain the right quenching temperature 


WRITE OR SEND THE COUPON TODAY 
Honeywell Controls Limited, 

Ruislip Road East, Greenford, 
Middlesex. WAXlow 2333. 


Iam interested in Honeywell quench press controls. 
Please send me :— 
Instrument Data Sheet No. 5.2-1 U.K. 


NAME 


Honeywell 
Fouts Couttol 


SINCE 1665 


Branch Offices in the principal towns and cities 
of the United Kingdom and throughout the world. 
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Demag hizh-frequency 
induction furnace 
installation at a steel 
making plant, incorporating 
two I ton capacity furnaces, 
two 660 lb. capacity 
furnaces, and one 110 Ib. 
capacity furnace. 


A 3 ton capacity | ectromelt arc furnace of 9 O° diameter shown with roof swung ready for charging. 


High Speed and High Output are the key features 
in the medium and smaller range of furnaces offered 
by G.W.B. Furnaces Ltd. Many years are behind 
both the Coreless and Arc Furnaces of Demag and 
Lectromelt designs. 

Daily, electric furnaces are finding wider and wider 
applications, and the coreless induction (crucible) 
type is no exception as it is an ideal medium for 
melting steel and iron, and all other metals. It is 
particularly advantageous in steel works where a 
charge of scrap of known analysis is melted and is an 


P.O. 4 
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installation that pays for itself in a very short time. 
The proven economies of operation of electric arc 
furnaces offered by G.W.B. have earned an enviable 
reputation, and a few of their outstanding features 
are:— 

Separately mounted roof lift and swing mechanism 
for top charging: Four point roof suspension of the 
roof ring; Electrode holders of the power operated, 
spring-held, air release type; High speed movement 
of the electrodes; Offset rocker centres to return 
furnace from extreme tilt in event of power failure. 


G.W.B. FURNACES LIMITED 


DIBDALE WORKS .- 
Proprietors: Gibbons Bros. Ltd , and Wild-Barfield Electric Furnaces Ltd. 


DUDLEY - WORCS. 


$ 


“<< 


Telephone: Dudley 55455 
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-METALECTRIC | 


Heat treatment of forgings 


The lower furnace is the latest of many Metalectric installations at Garringtons 
Ltd., Bromsgrove. The plant, which includes endothermic atmosphere equipment, 
is used for clean hardening and tempering of small tools. It supplements other 
installations such as the heavy duty furnaces » deat in the upper photograph, 
which are used for the heat treatment of miscellaneous forgings. 


METALECTRIC FURNACES LTD. 


SMETHWICK ENGLAND 
For all forms of electric heat treatment equipment 
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No Scale 


Longer Tool Life 


Low Fuel Cost 


No Metal Loss 


ECUPERATOR.” 
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PRO-TEK FORGING 


PRO-TEK Continuous Billet Heating 
Furnaces are built under licence 
arrangements with Metallurgical 
Oxygen Processes Limited and Indu- 
as, G.m.b.H., Essen. 
pecially suitable for repetition work 
either mild steel or alloys. 
Standard sizes from 10 cwts. per hour 
upwards with guaranteed performance 
and scale free high quality finish 
heating. 


NORMAL FURNACE FORGING 


All enquiries tot 
GIBBONS BROTHERS LTD., DIBDALE, DUDLEY, WORCS. Tel: DUDLEY 55/4! (?.8.x.) 
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We have a wide experience in 
the design and installation of 
large bogie hearth furnaces for the 
general heat treatment of fabrications, 
alloy steel castings and ingots. 
Capable of taking loads of up to 250 tons 
they can be fired by towns gas, 
clean producer gas or oil 
: and with full instrumentation 
a minimum temperature variation 
) is possible throughout the chamber. 


By kind permission of Steel, Peech & Tozer 


G.P. WINCOTT LIMITED 
Telegrams 


SHEFFIELD, ENGLAND 


Telephone: 2022 


WINCOTT, SHEFFIELD. 
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with the 


you can... 


determine all elements with atomic numbers of 12 or higher, programme for any 
twenty elements at a time, get your results in a few minutes, change the programme in a few 
seconds, analyse solids, liquids and powders, take in the tabulated results at a glance. 


And the complete analysis is made automatically. 


* The FL Uorescence 
ROentgen-ray spectrometer 
with PRINTed results. 


98 ST. PANCRAS WAY LONDON NWI. PHONE: GULLIVER 5636 
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ref: refractories 


When it is a question of making a 
decision as to the best refractory bricks 
to use for a certain job, you need the 
best advice you can get. 

Nearly a 100 years of brick making has 
resulted in a vast experience of refrac- 
tories manufacture and our modern 
brick plants supply high grade products 
to a wide range of industries. 

Our experience, both as manufacturers 
and users, is at your service at all times, 
and we invite you to write to us when- 
ever you need information or advice. 


CONSETT have all the answers ! 


CONSETT IRON CO. LTD. | 


CONSETT 
COUNTY DURHAM CONSETT 


Telephone: Consett 541 Telegrams: Steel Phone Consett REFRACTORIES 
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AUTROME 


QUALITY CONTROL through 


FULLY AUTOMATIC X-RAY ANALYSIS 


for every branch of industry 


The more-than-modern instrument that brings the impersonal and reproducible 
precision of spectographic analysis to every branch of industry. 


The Autrometer 


@ Being precision-set, needs only to be fed with samples. 
@ Being fully automatic, can be operated by one unskilled attendant. 

@ Being free from human error, gives absolutely consistent results. 

@ Makes qualitative and quantitative analysis of as many as 24 elements in one sample. 
@ Provides by far the speediest method of elemental analysis by x-rays. 

@ Element range: Magnesium (12) to Californium (98). 

@ Is the ideal analytical tool for high consistency runs. 

And: the Autrometer has an exceptionally rapid after-sales service. 
@ A product of Philips Electronics and Pharmaceutical Industries Corp. U.S.A. 


SOLE DISTRIBUTORS IN U.K. 


RESEARCH AND CONTROL INSTRUMENTS LTD 


Instrument House, 207 King’s Cross Road, London, W.C.1 TERminus 2877 
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“VACUUM MELTED METALS 


eas COULD A VACUUM F URNACE Metals for parts to withstand jet engine temperatures 


and stresses can be produced in vacuum furnaces. 


DO THE SAME Such metals enable components to be made with 


fewer rejects. If your products need parts that 
FOR YOUR PRODUCTS? operate under severe conditions or need high purity 
metals or alloys—a vacuum furnace will help you 
to produce them. 
Wild-Barfield can supply equipment made to the 
designs of and tested by the unrivalled experience 
of the National Research Corporation who have 
built and operated more high vacuum furnaces 
than any other company in the world. 
Write for details of the Wild-Barfield -NRC range 
of high vacuum plant. 


Model 2555 Vacuum Induction Fur- Model 2705 Non-Consumable Arc WILD-BARFIELD—NRC EQUIPMENT INCLUDES: 
nace with melting capacity of 50 Skull Furnace with a capacity of 50 

unds of steel. Other standard pounds of titanium. Other standard 
urnaces have capacities of 12 to vacuum arc furnaces have capacities VACUUM INDUCTION FURNACES 


3,000 pounds. of 8 to 10,000 pounds of titanium. 
VACUUM ARC FURNACES 


VACUUM RESISTANCE FURNACES 

VACUUM ANALYSING EQUIPMENT 
BaRieL0 HIGH VACUUM DIFFUSION PUMPS 
LABORATORY VACUUM FURNACES 


FuRmACES 


is the trade-mark of the Notional! Research Corporation, 
registered in the United Stotes Patent Office. 


WILD-BARFIELD ELECTRIC FURNACES LIMITED 


ELECFURN WORKS * OTTERSPOOL WAY * WATFORD BY-PASS - WATFORD: HERTS. Telephone: Watford 26091 (8 lines) 
WB 84 
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HE K.I.P. range includes lightweight insulating firebrick in 6 


grades for temperatures up to 1500°C—** back-up 


insulation up to 850°C and insulation 


INSULATING PRODUCTS LTO. 


Head Office: STORRS BRIDGE WORKS + LOXLEY ~- Nr. SHEFFIELD + Tel 343844-5-6 


One of the MARSHALL REFRACTORIES GROUP of Companies 


KIP. 31 
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yous OXYGEN A 


An increasing number of metallurgical and chemical processes require 
an oxygen-free atmosphere and the Hersch Oxygen Meter provides a 
means of ensuring that failure of purification plant does not cause 
costly spoilage. The high sensitivity, accuracy and rapid speed of 
response of the instrument enable it to be used both for laboratory 
investigation and production quality control in a wide range of 


werscu (OXYGEN meter 


For the measurement of higher oxygen concentrations (up to 1%) the 
“Deoxo” Indicator is available. This instrument can also be used to 


detect and measure hydrogen in other gases. 


(A NGELAARD IM OUST SS, 472.) 


52 HIGH HOLBORN, LONDON, 


BAKER PLATINUM DIVISION 


W.C.1 + Telephone: CHAncery 8711 & 6506 


* Write for leaflet giving full information. 
Technical representatives are always 
available for consultation and advice. 


A section of a Special Gas fired 
Mould Heating furnace at Deritend 
Precision Casting Lid. 


ironed out. 


FRANKLIN FURNACES 


There’s big savings in terms of dependability 
and easy maintenance when Franklin are called 
in on that furnace installation. Long experience 
in the supply of standard, and the design of 
special furnaces mean the snags are quickly 
Furnaces fired by ‘Dine’ Burners 
give easy maintenance and fuel economy, that’s 
why more and more well-known Companies are 
now counted as customers. 

Our team of experts would welcome the chance 
to look into your furnace problems. 


FRANKLIN FURNACE CO. LTD., BAKER STREET, SPARKHILL, BIRMINGHAM 11, ENGLAND 


MANUFACTURERS OF INDUSTRIAL 
FURNACES AND OIL BURNING 
EQUIPMENT FOR ALL PURPOSES 
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LOW 
TEMPERATURES 


Ss 


Appror. level of lowest 
South Polar temperatures. 


specify 
Nickel Steels 


—100°% (—148°r) 


For dependable service at temperatures as low as —200°C 
(—328°F) 9% Nickel Steel is now available. 


Liquefaction of methane. 


9% Nickel Steel is complementary to the standard 34% 
Nickel Steel which has been used for many years for 
temperatures down to —100°C (—148'F). 


Technical information on 9% Nickel Steel and advice on 
its suitability for particular applications will be supplied 
on request. 


Liquid oxygen, Liquid 
nitrogen. 


—200°c (—328'r) 


Please send for our publications entitied, ‘The Mechanical Properties of 
Nickel Alloy Steels’ and ‘The Case Hardening of Nickel Alloy Steels’. 


MOND NICKEL 


® «4 MOND NICKEL COMPANY LIMITED, THAMES HOUGE, MILLBANK, LONDON, SW1 
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We 
take our own 
medicine... 


Five years ago we began rebuilding the round down-draught kilns of The Morgan Crucible Co. Ltd. at 
Battersea in MI. 28 —a hot-face insulating brick of low thermal capacity that was then comparatively 
new. The roof of one of these furnaces immediately after installation is shown in the first picture. 


.. (MI. 28 bricks) 


...and like it 


The output of these kilns, lined with MI. 28, was considerably greater than their firebrick counter- 
parts, because the low heat-storage of the lining shortened both heating and cooling periods. This, 
in fact, was the principal reason for the change-over. What we were not so sure of at that time was 
the life of these linings. We would hardly have dared to expect anything as good as we got. The 
second picture shows the same roof after five years’ service. So far as we can see it is good for at least 
another five years and probably longer. 


efractorie 


MORGAN REFRACTORIES LTD. NESTON, WIRRAL, CHESHIRE. TELEPHONE: NESTON 1406 


NE 160A 
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Do you really 
think I need 
bother about 


low 
residuals? 


Some people do... .. 

in carbon steels required for certain 
high duty applications. 

Residual elements in Workington Electric 
Arc Furnace Carbon Steel are as follows 


avetage maximum 


Nickel 01 02 
Chromium "015 
Copper “03 04 
Arsenic ‘O15 02 
Tin O15 02 
Vanadium 02 "04 
Molybdenum below 
Lead below °O1 

Cobalt "005 “008 

by Antimony below 

Bradleys London Tungsten below 
Titanium below 


a branch of THE UNIT 


IRON AND STEEL COMPANY Workington + Cumberland 


w 
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CHALLENGE 


which DYSON REFRACTORIES 
are preparing to meet 


NOW 


Continuous research and development into the 
problems of higher temperature, longer life, 
greater resistance to abrasion and improved 
production techniques to reduce cost, are part 
of a continuous integrated programme throughout 
the Dyson organisation. 


J. & J. DYSON LIMITED 
Stannington . Sheffield 


_ 32 METALLURGIA, July, 1960 


| 
| 
Ganister 
Moulder Composition 
Silica Cement 
steel Runners | 
stoppers & Nozzles | 
High Frequency Furnace 
lining material (acid and basic) | 
and refractories | 
| High Alumina Refractories 
Stove Backs and Linings | 
{ Crucible Clay & Fire Bricks 


THE BRITISH JOURNAL OF METALS 
INCORPORATING THE METALLURGICAL ENGINEER 


CONTENTS FOR JULY, 1960 Vol. 62 No. 369. 


PUBLISHED MONTHLY BY 


The Kennedy Press, Ltd., 
$1, King Week, The European Coal Situation .... .. .. 1-2 
Manchester, 3. 


Personal News 


Telephone: BLAckfriars 2084. 


New Margam Power Plant. Britain's First Benson Boiler... 3-7 


London Office : 


158, Temple Chambers, 
Temple Avenue, E.C.4. Aluminium in Railway Rolling Stock. Forty-Five Vehicles 
FLEet Street 8914. on Show at Strasbourg International Exhibition. . 7-10 


British Steel Castings Research Association. 
at Sheffield Research Station 


«+ 11-14, 20 


I 
CONTRIBUTIONS Control of Intermetallic Particles in a a by 


Readers are invited to submit Filtration. By W. Unsworth 15-20 
articles for publication in the edi- 
torial pages: photographs and/or 
Cie Hot-formed Coil Spring Manufacture. By R. Haynes... 21-28 
are especially welcome. Contribu- 
tions are paid for at the usual rates. National Engineering Laboratory de 29-35 
We accept no responsibility in 
connection with submitted manu- New Ultra High Strength Steels 36 
script. All editorial communica- 
chould bo to She News and Announcements... .. .. .. 37-38 


Editor, “ Metallurgia,”’ 31, King 
Street West, Manchester, 3. 


Recent Developments 


SUBSCRIPTIONS Current Literature. . 


Subscription Rates throughout the 
World—30/-— per annum, Post free. 


LABORATORY METHODS SUPPLEMENT 


The Spectrophotometric Determination of Cobalt in — 
ADVERTISING Alloys. By G. Lindley és 

Communications and enquiries 
should be addressed to the Adver- 
tisement Manager at Manchester. 


Detection of Traces of Oxygen in Gases : The re P 
Blue Method. By P.S. Davis .. .. 49-50 


METALLURGIA, July, 1960 


: : 
| 
| Page 
45-49 
33 


Special design features include :-— 
Three 9’ 6” wide doors to facilitate scrap charging. 


Fully suspended construction in basic refractories of roof, 
uptakes, port ends and regenerator roofs. 


Oil firing with retractably mounted burners. 


Vertical back wall. 


improved design of port ends and uptakes based on flow 
model tests. 


Two further furnaces of similar capacity, now under construction at the same 
works, will embody additional features, including, port ends incorporating 
prefabricated replaceable panels of steel clad standard basic bricks. 


WEL SMITH OWEN.) (FURNACES) LTD. 
PARN USE, WILTON ROAD, LONDON, S.W.! 
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The European Coal Situation 


"THE gravity of the coal situation, caused by the excess 

of supply over demand, is emphasised in the Annual 
Report of the O.E.E.C. Coal Committee published under 
the title ““ The Coal Industry in Europe.” The glut on 
the coal market which has lasted for more than two 
years, is, the Committee points out, in sharp contrast 
with the shortage which, with a few brief exceptions, was 
felt from 1945 to 1957. This sometimes acute shortage 
and its persistence had led to the conclusion that one 
of the features of the energy economy of the Western 
European countries in the next fifteen to twenty years 
would be a steady increase in coal requirements. 

This situation has now completely changed, and is 
marked by an excess of supply over demand and an 
unprecedented accumulation of pithead stocks, which 
rose from 16 m. tons in December, 1957, to 68 m. tons in 
December, 1959. This figure in itself is enough to demon- 
strate the gravity of the crisis now facing the coal 
industry. In the two years 1958 and 1959, the apparent 
coal consumption of O.E.E.C. Member countries fell by 
about 62 m. tons, or nearly 6%, per annum. Consumer 
stocks, which in general move in inverse ratio to pro- 
ducers’ stocks, fell from 42 m. tons in December, 1957, to 
33 m. tons in December, 1959. 

The radical change in the coal market over the last two 
years naturally led the Committee to seek to define its 
causes. The Coal Committee believes that the present 
recession in coal is no doubt due to structural factors, 
although associated cyclical factors connected with the 
1958 recession and exceptional climatic conditions have 
certainly helped. According to calculations made by the 
Secretariat, the fall of 38 million tons in the demand for 
coal in 1958 can be explained by the recession in industrial 
activity (11 million tons), the switch from coal to oil 
(12 million tons), higher fuel efficiency (6 million tons), 
the mild winter (5 million tons) and exceptionally good 
hydro-electric conditions (4 million tons). The demand 
for European coal was, moreover, also affected by im- 
ports from countries outside the O.E.E.C. area. 

In spite of great difficulties in disposing of output, the 
coal industry made every effort to keep up production in 
1958, and output for the O.E.E.C. countries as a whole 
fell by 2% only. In 1959, however, the rise in stocks 
forced producers to make a further 4-6% cut in output. 

In 1959, several countries took steps to try to bring 
production into line with demand, such as short-time 
working, suspension of recruitment and a policy of not 
replacing workers leaving the mines. This resulted in a 
reduction, between January, 1958, and the end of Decem- 
ber, 1959, of 140,000 underground workers out of a 
registered total of 1,200,000. However, these same 
years (1958 and 1959) also witnessed an increase (18-6, 
in the Community and 10-8% in the U.K.) in output per 
underground shift in the European coalmines. 
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The Committee lists the steps taken by individual 
countries to palliate the coal crisis. In addition to short- 
time working and the suspension of recruitment already 
referred to, mention may be made of the following steps, 
although they have not been uniformly applied by all 
producer countries: restriction of imports from the 
U.S., lower coal prices, additional taxes on fuel oil, 
closing down certain marginal mines, and freezing pit- 
head stocks. Imports from the U.S. fell from 44 million 
tons in 1957 to 17 million tons in 1959. 

Notwithstanding these steps, and in contrast to the 
more favourable trend recorded in the other sectors of the 
economy, the coal market was still showing only slight 
signs of improvement at the beginning of 1960. The 
Coal Committee therefore considered whether previous 
forecasts about the future demand for coal should not be 
revised completely. The Committee takes the view that 
in 1960 demand is likely to be stable at the present 
figure. It does not follow that a balance between supply 
and current demand will necessarily be achieved in 1960. 
That will depend on the outcome of the measures which 
the producers in the different countries are taking to 
adjust production, and some further increase in stocks 
in 1960 may therefore be unavoidable. 

As regards the probable trend up to 1965, there is no 
reason to believe that demand for coal will fall as com- 
pared with 1959. Industrial activity is already picking 
up after the recent lull, and if this expansion continues, as 
may be hoped, the level of industrial activity in 1965 can 
be expected to be appreciably higher than it is now, 
which would entail a correspondingly higher demand for 
energy in one form or another. Because of the under- 
lying trend to the use of other fuels, in particular oil, one 
would expect much of the increase in energy demand to 
be taken up by fuels other than coal. But although the 
relative share of coal in the total fuel account will decline, 
as it has been doing for many years, the absolute demand 
for coal may be at least as high as now, if not higher. 

If coal is produced at acceptable, i.e. competitive, 
prices, in a market of fair competition, it will continue to 
command large markets in the coming years. The 
watchword must therefore be efficient production 
(rather than production at any price) and concentration 
on the more profitable mines. This will open the way to 
a reorganisation of the European coal industry, which 
will result in the closing down of a number of marginal 
mines and sometimes the closing down of certain seams 
that have proved too difficult to work. 

The danger is that production, and particularly 
production capacity, may be reduced more than is 
necessary, which in time could lead to a recurrence of 
coal shortage, for the closing down of a mine is an 
irrevocable act. It is for this reason that the Committee 
considers that these actions should be reviewed periodic- 
ally in the light of the latest trends. It must not, in 
any event, start from the assumption that the situation 
will get worse, but must rather be inspired by the firm 
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determination to stop that happening by strengthening 
the competitive position of coal with all possible speed, 
without exposing workers in the industry to undue 
hardship. 

In an industry such as coal which employs abundant 
labour (labour accounts for about 60°, of production 
costs), short time working and the closing down of pits 
raise serious social problems for the workers and areas 
in question. So long as there are possibilities of re- 
employing the workers in other industries, the problem 
is not insoluble, but in mining areas where economic life 
centres exclusively on coal, resettlement may prove 
difficult, and it may be necessary to introduce new 
industries. 


Personal News 


Mr. A. STepHeEns has rejoined Honeywell Controls, Ltd., 
as senior flow engineer at the company’s Greenford 
(Middlesex) head office. Mr. Stephens served a four-year 
apprenticeship with the Ministry of Supply, and his 
experience in this field has been gained with Electroflo 
Meters Co., Ltd., George Kent, Ltd., Honeywell Controls, 
Ltd., and Humphreys and Glasgow, Ltd. (on the 
Chesterfield underground gasification project). Mr. 
R. W. H. Vivian has been appointed at the Greenford 
(Middlesex) head office of Honeywell Controls, Ltd., to 
specialise on application engineering using the company’s 
electric miniature instrumentation, which is being 
introduced this year in the United Kingdom. Mr. 
Vivian will shortly leave this country for a brief study 
of United States’ experience in this field. 


Capt. F. T. Boswex, R.N. (retd.), who joined Samuel 


Fox and Co., Ltd., a subsidiary of The United Steel 
Cos., Ltd., earlier this year as assistant welfare officer 


has now been appointed welfare officer. He succeeds 
Masor W. G. A. Carrineton, who has retired after 
17 years’ service. 

Mr. A. CLARK, previously general manager of British 
Driver-Harris Co., Ltd., has been appointed a director. 
Mr. Clark joined the company in 1929 and worked in the 
laboratory for fifteen years. In 1944 he moved to the 
production side, becoming assistant works manager of the 
cable department. Then, in 1951, he transferred to high 
nickel alloy production, in three years reaching the 
position of general manager. 

Mr. T. WinTRUP, sales manager (engineering) of Disting- 
ton Engineering Co., Ltd., a subsidiary of The United 
Steel Cos., Ltd., has been appointed purchasing and 
contracts manager. He will be responsible to the 
commercial manager for the purchasing activities of the 
company and for the placing of all sub-contracted work. 
Mr. J. Tonks, senior draughtsman, succeeds Mr. Wintrup 
as sales manager (engineering). 

Mr. W. E. Duckwortu has been appointed head of the 
Metallurgy (General) Division of the British Iron and 
Steel Research Association. A Cambridge graduate, Mr. 
Duckworth joined the Nelson Research Laboratories of 
the English Electric Co. in 1946 to study metallurgical 
problems associated with heavy electrical switchgear. 
In 1947 he moved to British Insulated Callender’s Cables 
to work in their Prescot laboratories on corrosion and 
fatigue problems in cables and overhead electrical 
fittings. In 1949 he joined the Glacier Metal Co. as 


In conclusion, the Committee rounds off its Report 
with an analysis of the trend of coal consumption over 
the next few years by sector. In all probability, certain 
sectors which are large consumers, such as iron and steel 
and thermal power stations, will need more coal in the 
coming years. In certain other sectors, such as railways 
and gasworks, the marked although gradual trend away 
from coal will persist. In other industries—and in the 
domestic sector where competition between coal and 
petroleum products is particularly keen—demand will 
depend mainly on prices but also on utilisation techniques 
and convenience. As regards the trend of demand over 
the next five years, the pattern of fuel consumption is so 
shifting that forecasts can only be conjectural. 


research investigator and in 1955 was appointed manager 
of a research department which included a chemical 
laboratory, metallurgical and process control sections 
and an operational research section ; he became manager 
of an operational research department in 1959. 
Proressor G. Westey Austin, O.B.E., will continue 
to act as consultant to the division. 

Mr. G. L. Battey, C.B.E., director of the British Non- 
Ferrous Metals Research Association left on July 17th 
for the Rhodesian Copperbelt where he was to spend a 
fortnight visiting the smelters and refineries of the 
Rhodesian Selection Trust group of companies and the 
Anglo American Corporation of South Africa. 

Mr. T. B. ADKINs, general manager of the Ore, Mining 
Branch of The United Steel Cos., Ltd., for the past 
thirteen years, retired on June 30th after 56 years with 
the company. He is succeeded by Mr. D. R. Warp 
Jones, who was previously assistant general manager 
of the Ore Mining Branch. Lr.-CoL. P. F. Benton 
Jones, who is managing director (mining and carbonisa- 
tion) of United Steel, relinquished the position of general 
manager of United Coke and Chemicals Co., Ltd. on 
June 30th. Mr. A. L. Curtis, operations manager of 
that company, became general manager on July Ist. 
Tue following organisational changes in The Mond 
Nickel Co., Ltd., and its subsidiary company, Henry 
Wiggin and Co., Ltd., became effective as from July Ist, 
1960: Mr. G. Arcuer has relinquished his position as 
chairman of Mond and Wiggin to become president of the 
two companies he is succeeded as chairman by Mr. 
I. A. Batrtey. Dr. L. B. Prem has been appointed 
vice-chairman of Mond and Mr. J. O. Hircencock 
managing director of Mond and deputy chairman of 
Wiggin. Mr. H. W. G. Hicnett has been appointed 
managing director of Wiggin. 

APPLEBY-FRODINGHAM STEEL Co., branch of The United 
Steel Cos., Ltd., have made a number of new appoint- 
ments in view of current developments in the 
rolling mills and the plan for installing a rod/bar mill. 
Mr. R. Wogin, formerly manager of the Appleby melting 
shop is now assistant works manager (steel): in this 
position he will have both general and specific duties 
delegated to him by Mr. W. Jackson, works manager 
(steel). Mr. R. Jonnson has been appointed melting 
shops manager, responsible for both the Appleby and 
Frodingham melting shops, together with the basic slag 
plant and the refractories section. Mr. A. F. Jessop 
and Mr. W. L. WiLtsHER have been appointed managers 
of the Appleby and Frodingham melting shops, 
respectively. 
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New Margam 
Power Plant 


Britain’s First 
Benson Boiler 


practice has taken place at the Margam Works of 
The Steel Company of Wales with the installation 
of Britain's first Benson once through’ boiler. The 
introduction of this boiler, together with a back pressure 
turbo-alternator, is a major advance in industrial steam 
usage in this country. 

The original Benson boiler was developed in Germany 
from designs patented in Britain by Mark Benson 38 
years ago. The design is based on the principle of forced 
water circulation through continuous preheater, evapor- 
ator and superheater tube banks. The present boiler, 
which was designed and built by Simon Carves, Ltd., has 
been added as an extension to the Margam “ B”’ power 
station. It is fired by blast furnace gas and is capable of 
generating 240,000 lb. of steam per hour at a pressure of 
3,300 Ib./sq. in. and a temperature of 1,060° F., with 
reheat to 836° F. Such advanced steam conditions have 
only before been used commercially at a few major power 
stations and industrial steam plants on the continent. 

The Benson boiler will power what is believed to be 
the highest pressure turbine ever manufactured in 
Britain. Built by Richardsons Westgarth, Ltd., the 
turbine will produce an alternator output of 9-5 MW. 
and will therefore result in a considerable saving of 
electricity now being imported from the national grid. 
Normally 200,000 Ib. per hour of exhaust steam from the 
turbine will, after reheating, be discharged into the 
existing 650 Ib. /sq. in. system from which two turbo- 
blowers and a turbo-alternator are driven. 

Because of its efficiency, it is intended to operate the 
boiler ‘turbine unit as a base load set. To maintain it at 
full output automatic fuel control is provided. This 
ensures that a supply of fuel oil automatically makes 
up any deficiency in the normal supply of blast furnace 
gas. When it is necessary to alter the boiler ‘turbine load 
from its optimum setting a manual load setter is operated. 
This varies simultaneously the feed water and fuel flow 
to the boiler. 


A N outstanding event in large scale steam generating 


Increased Demand for Steam and Power 
The decision to install the Benson boiler at Margam 
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The high pressure turbo-alternator 


resulted from the fact that the proposed ‘ M ’’ Scheme 
extensions planned for the company’s blast furnaces, 
coke ovens and steelmaking plant within the Margam and 
Abbey Works would create an additional steam demand 
of approximately 200,000 Ib./ur., for driving turbo- 
blowers for the furnaces, for generating electricity, and 
for processing. 

The existing plant consisted of two power stations 
both generating steam at 625 Ib./sq. in. and 820° F., 
interlocked by a 620 Ib./sq. in. steam main. The “A” 
station included: five water tube boilers rated at 
100,000 Ib. /hr., 625 Ib. /sq. in. and 820° F., fired by blast 
furnace gas or fuel oil. The steam raised fed four turbo- 
alternators—two of which were back pressure, the others 
condensing—and three back pressure centrifugal turbo- 
blowers. The“ B ” station included : one 200,000 Ib. /hr. 
water tube boiler steaming at 625 Ib. /sq. in. and 820° F., 
feeding one pass-out condensing turbo-alternator and 
one condensing axial flow turbo-blower. There was 
room for an additional boiler, an additional blower and 
another turbo-alternator. 

Two schemes for extending the plant were considered. 
One was to install a straight 200,000 lb. /hr. water tube 
boiler steaming at 625 Ib. /sq. in., similar to the existing 
boiler, and an axial flow condensing turbo-blower. The 
other proposal was to include a “ topping ” installation 
comprising a Benson boiler and a back pressure turbo- 
alternator. After very careful consideration the latter 
scheme was adopted. 


Topping Installation Scheme 


Of the many considerations involved in the selection 
of the topping installation, reference may be made here 
to some of the more important ones. The total electrical 
generation capacity in the existing plant was approxi- 
mately 30 MW.—only about half the normal demand and 
about one third of the maximum demand. The instal- 
lation of a critical pressure boiler and back pressure 
turbo-alternator would make possible the production of 
9-5 MW. of electrical generation for works use, thus 
achieving considerable saving. 

A study of the thermodynamics after consultation 
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with boiler and turbine designers showed that 3,300 Ib. / 
sq. in. and 1,060° F. was about the optimum operating 
condition when considering a total steam flow of 
240,000 Ib./hr. Above 3,300 Ib./sq. in. the main turbine 
efficiency at the particular flow started to drop, in addition 
to which the power required for feed pumping became 
out of proportion to the total power generated. A 
temperature of 1,060° F. appeared to be a reasonable one 
at which to operate with a view to avoiding some of the 
metallurgical problems associated with running at above 
1,100° F. and up to 1,200°F., although the gain in 
electrical output would have been considerable when 
steaming at 1,200° F. 

A complete cost comparison was made between the 
topping installation operating at 3,300 lb./sq. in. and 
1,060° F. and the normal installation at 625 lb./sq. in. 
and 820° F. The result of this comparison, together with 
a comprehensive survey including visits to topping 
installations on the continent, led to the decision that 
the topping installation would be an economical and 
practical proposition. 

A factor which assisted in reaching the decision to 
adopt a topping installation was that a number of the 
existing leading hands, boiler operators and turbine 
drivers were trained to a very high technical standard. 


Description of the Boiler 


The Benson boiler is a water tube forced circulation 
boiler in which the feed water is heated, evaporated and 
superheated in a single passage through a number of 
tubes in parallel. For generating steam at high pressures, 
whether above or below the critical pressure, it has many 
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The radiant superheater during erection 


advantages over boilers using natural or assisted circu- 
lation, and the higher the steam pressure the more 
pronounced the advantages. Benson boilers can be 
designed and built for operation at pressures up to the 
order of 5,000 Ib. /sq. in. and with steaming capacities 
suitable for any purpose from small industrial plants to 
the largest central power stations. 

The boiler which is now in operation at the Margam 
“ B” power station is the first Benson boiler in Great 
Britain. The steam conditions are as follows :— 

Steam pressure at superheater outlet 3,300 Ib./sq. in. gauge. 

Steam temperature at 


outlet . 1,060° F. 
Feed water temperature at econo- 

miser inlet ‘ : 280° F. 
Continuous maximum rating . - 240,000 Ib./hr. 
Quantity of steam to the reheater 205,000 Ib. /hr. 
Steam pressure at reheater inlet 650 lb./sq. in. gauge. 
Steam temperature at reheater inlet 675° F. 
Steam pressure at reheater outlet . . pty /sq. in. gauge. 

836° F. 


Steam temperature at reheater outlet 
The gross calorific values of the fuels are as follows : 

Blast furnace gas 92 B.T.U./cu. ft. at 32° F. and 30 in. Hg. 

Fuel oil ‘ 18,000 B.T.U./Ib. 

The output of the boiler can be obtained when burning 
either of these fuels or a mixture of both. 

The disposition of heating surfaces depends on the 
design pressure and temperature of the unit. The boiler 
at Margam is arranged with four passes, each directly 
behind the other. The first pass comprises the com- 
bustion zone, the four walls of which form the radiant 
superheater. Above this is the first evaporator section, 
followed by the final convection superheater in two 
sections. Above the superheater is a further evaporator 
surface in three sections. In this latter surface is the 
transition zone where the change of state from water to 
steam takes place. The connecting tubes between the 
two sections of the final convection superheater are 
crossed, as also are the connection tubes between the 
second and third sections of the evaporator sections. 

The second pass comprises the reheater sections, 
arranged in parallel, each section comprising two banks 
of tubes, and the third includes the secondary economiser 
sections arranged in parallel, each section comprising 
three banks of tubes. The fourth or rear pass comprises 
the secondary tubular type air heater; the primary 
economiser sections are arranged in parallel, each section 
comprising four double-flow banks of tubes, followed by 
the primary tubular type air heater. 

The total resistance of the boiler and superheater 
circuit is overcome by the feed pump delivery head, and 
this governs the final steam pressure. The variation in 
this delivery head, by the feed throttle valve, gives the 
facility to operate at less than the design pressure, which 
is an advantage in starting-up the main turbine from 
either cold or hot. 

The firing rate is automatically matched to the rate of 
feed flow, and therefore the final steam temperature is 
governed by the firing rate with a trimming control from 
spray type de-superheaters, which form part of the boiler 
circuit. In this way, also by varying the firing rate, the 
steam to the turbine can be at less than design tempera- 
ture, which is a further advantage in running-up the 
turbine. 

A gas recirculation fan is provided to obtain a balance 
between the superheater temperature and the reheater 
steam temperature when burning oil fuel. 

The reheater temperature is controlled by dampers in 
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Cross section of the Benson boiler at Margam 
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the upper rear wall of the first pass, which control the 
quantity of gas flowing firstly over the upper evaporator 
banks or partly by-passing the evaporator upper banks 
and flowing over the reheater banks. 

The boiler is of the drumless type, and the heating 
surfaces consist exclusively of small bore tubes (1}—1} in. 
o.d.) which are connected to each other and to the headers 
by welding. The unit has great flexibility as regards load 
variation, and so makes possible a starting-up and 
shutting-down procedure which can be very satisfactorily 
marched to the turbo-alternator. 


Method of Control 


Fuel Supply Control—Arranged for firing by blast furn- 
ace gas, fuel oil or any mixture of the two, the boiler wili 
normally burn as much blast furnace gas as possible. In 
case of gas demands on other parts of the plant or the 
unexpected reduction in supply, the total fuel input is 
maintained by automatic increase in the fuel oil firing 
rate, a precaution which requires a “ pilot ” fuel oil flame 
of approximately 10%, of the total fuel burnt. 

Combustion Control—It is not possible to use a steam 
flow /air flow control for the determination of combustion 
efficiency, as the stoichiometric quantity is different for 
each fuel. The method adopted at Margam is to measure 
the quantity of each fuel supplied to the combustion 
chamber and to control the forced draught fans to supply 
a total quantity of air equal to the sum of air required for 
each fuel. 

Blast furnace gas and oil can be fired in any proportion 
giving wide variations in the flue gas optimum CO, 
content ; an oxygen meter is used as a reference to the 
air supplied to the boiler. 

Boiler and Turbine Unit Control—Established practice 
for normal boiler/turbine plant which cannot apply in 
this case is for the alternator output to be varied through 
the speed governor of the turbine, while the automatic 
equipment of the boiler varies the feed and fuel input to 
maintain preset steam pressure. 

The turbo-alternator at Margam is arranged for pressure 
governing (with over-riding speed-governing for safety) 
and the boiler output being varied by an adjustable load 
setter on the boiler panel. The alternator is then supplied 
with more or less steam according to the boiler output, 
the pressure being controlled by the turbine governor 
valves through an Askania relay unit. 

The feed pump output now controls the boiler load and 
the final steam temperature is dependent on the fuel /feed 
water ratio with final and more rapid trimming obtained 
by two stages of spray de-superheating. 

Boiler Control—The boiler can be operated fully auto- 
matically, as shown later, or auto-manually, in which case 
the valves, vanes, dampers, etc., are actuated by 
electric motors but controlled by switches operated by 
the boiler supervisor at the desk. The supervisor is then 
in complete control of the boiler, utilising indicators and 
recorders of boiler conditions located in the control room. 

On fully automatic control the boiler output is adjusted 
by the load setter, which consists of a series of rheostats 
driven by a pilot motor operated from the control desk. 
The rheostats send out immediate signals of load changes 
to the fuel controller, with delayed signals to the feed 
water and steam temperature (spray water) controller. 
These signals are proportional to the required boiler 
conditions. The delay in sending out the latter signals 
ensures that on a rising load the combustion chamber 
does not cool too rapidly and, conversely, on falling load 


the fuel is reduced before the feed water, safeguarding 
against a too rapid rise in temperature. 

The signal to the fuel controller is compared with the 
summation of signals obtained from potentiometers 
operated from flow meters in the blast furnace gas and 
fuel oil lines. These signals are proportional to actual 
conditions on the boiler. The difference of the two signals 
to the controller is the error signal, which is amplified to 
operate the blast furnace gas and fuel oil actuators, hence 
altering the firing rate to bring the actual condition in 
line with the required conditions. 

Similarly, for feed water control the signal from the 
load setter is balanced against a signal from the actual 
feed flow and the crror passed via a magnetic amplifier 
to the actuator operating the feed flow regulating valve. 

The H.P. steam temperature is regulated by injecting 
spray water in two stages. The valve on the first stage 
is controlled by a signal from the load setter which has 
been balanced against a signal of the measured tempera- 
ture obtained from a thermocouple in the first stage de- 
superheater. The final de-superheater temperature is 
controlled by a spray valve in the second stage de- 
superheater ; this valve being directly controlled from 
a thermocouple in the final steam flow. 

The forced draught fans supplying combustion air are 
controlled as follows. The quantity of each fuel is 
measured and a total quantity of air equal to the sum of 
the air required for each fuel is supplied to the boiler. 


Turbo- Alternator 


This machine is designed for a terminal output of 
9,250 kW. when supplied with 240,000 Ib. /hr. of steam at 
3,000 Ib./sq. in. gauge, 1050° F. and exhausting at 
650 Ib./sq. in. gauge, 670° F. The turbine rotor runs 
at 9,500 r.p.m., is 6 ft. 6 in. between bearing centres and 
weighs 1,300 Ib. 

The turbine cylinder is of double walled construction 
comprising an inner cylinder and flanged outer cylinder 
of total weight 44 tons. Steam from the boiler is received 
at a strainer placed on the centre line of the machine 
under the anchor point, and the strainer is connected to 
combined stop and emergency valves, each of which is in 
an integral chest with two nozzle valves. The chests are 
located at each side of the turbine at the front end. 

The turbine rotor carries a single row of impulse blades 
welded to a dise turned on the rotor and this wheel is 
followed by fourteen rows of reaction blading. All the 
reaction blades are machined from solid bar with integral 
shrouding and are welded together at the shrouding in 
packets of three or four. The dummy piston carries 39 
gland strips and there are 30 gland strips at each end of 
the rotor. 

The inner cylinder is divided at the horizontal joint 
and the halves are held together by a series of shrink 
rings. The outer cylinder containing the inner is of con- 
ventional flanged design with the exhaust steam connec- 
tion in the middle of the cylinder bottom half. With this 
design the exhaust steam sweeps the whole of the outside 
of the inner cylinder, ensuring that the shrink rings 
remain tight. The inner cylinder is supported in the 
outer by four palms cast integral with the bottom half, 
and eccentric keys are also provided for adjustment of 
the alignment. The outer cylinder is supported on the 
front and rear bearing keeps by eight strong supporting 
straps bolted to the cylinder and keeps. The dummy 
piston glands in the inner cylinder and the main glands in 
the outer are made up of segments which are spring 
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supported to permit limited movement to take place. 
The main glands are provided with two pockets from 
which steam at 175 lb. sq. in. gauge and 15 Ib. /sq. in. 
gauge is tapped. Steam from the nozzle valves is taken 
through the outer cylinder to the four cast nozzle seg- 
ments by means of a piston type connection in the inner 
cylinder. 

Each valve chest comprises one single seated combined 
stop and emergency valve and two single seated nozzle 
valves. The axis of each valve is horizontal with the 
nozzle valves above the stop valve. The two upper 
nozzle valves supply steam to the nozzles in the top half 
ot the inner cylinder and the two lower valves supply 
steam to the nozzles in the lower half. The chests are 
interconnected so that on-load testing of the valves may 
be done. The steam pipes are arranged symmetrically 
and the chests are supported on linkages which allow 
expansions to take place freely ; the steam joints at the 
strainer and valves are of a modified Corwell type, 
comprising a large union nut and nipple with a seal 
welded packing. 

The high steam pressures and the use of single seated 
valves necessitates the use of H.P. oil to actuate the 
servo-motors, and this oil is supplied by a pump driven 
from the front end of the turbine. Lubricating and 
governing oil is supplied by a conventional gear type 
pump also driven from the front end of the turbine. 


Motor driven auxiliary pumps are provided for starting 
and emergency use. 

Speed and load governing is done by a conventional 
centrifugal type governor and an Askania regulator is 
also provided so that the load may be governed by the 
boiler pressure. 

The speed reducing gear comprises an epi-cyclic gear 
of the double-helical sun and planet type, arranged so 
that the load is shared equally between the planet wheels 
and the primary and secondary shafts lie on the same 
axis, with opposite directions of rotation. The high- 
speed shaft incorporates a tooth-type coupling, as well as 
the coupling for bolting to the turbine shaft, whilst the 
low speed shaft terminates in a solid half-coupling, which 
is bolted to a similar coupling mounted on the end of the 
alternator rotor. The gear box bearing at this driving 
end is enlarged to carry the weight of the this rotor. 

The alternator is of the standard turbo-type with 
direct coupled exciter and is capable of delivering a 
maximum output of 9,500 kW. continuously when de- 
livering 3-phase electrical energy at the pressure of 
10,500 11,500 V., a power factor of 0-7 lagging and a 
frequency of 50 c./s., when the rotor is running at a speed 
of 3,000 r.p.m. The construction of the machine is 
entirely conventional, the ventilator system comprising 
a fan mounted at each end of the alternator rotor, 
together with a closed circuit air cooler. 


Aluminium in Railway Rolling Stock 
Forty-five Vehicles on Show at Strasbourg International Exhibition 


n exhibition of some forty-five railway vehicles 

incorporating aluminium in their construction was 

held at Strasbourg from June 21st to June 26th, 
1960. The event was organised by the Centre Inter- 
national de Developpement de |’ Aluminium (C.1.D.A.), in 
collaboration with the railway adminstrations of the 
countries concerned, with the object of illustrating the 
established uses of aluminium, and its prospects in this 
field. 
Those attending the opening ceremony from Great 


Seating for 86 passengers is provided 
in this German suburban coach which 
is of all-aluminium integral construc- 
tion, inert gas shielded arc welding, 
spot welding and riveting techniques 
being used in its assembly. The body 
has a length of 86 ft. and incorporates 
4,870 kg. of Al-Mg-Si alloy. Four 
prototypes built in 1958-59 are now 
undergoing trials. 
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Britain included Mr. D. C. Brown, president, the [nsti- 
tution of Locomotive Engineers (chief mechanical 
engineer of the Crown Agents); Mr. G. T. Harr, 
secretary, the Institution of Locomotive Engineers ; 
Mr. J. F. Pepper, official representative of the British 
Transport Commission and Mr. A. E. Bares, repre- 
senting the chief mechanical engineer of London Midland 
Region of British Railways. The Aluminium Develop- 
ment Association was represented by Mr. W. Brinine, 
president ; Sm Grorrrey Bourne, director-general ; 
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Dr. E. G. West, technical director; and Mr. F. L. 
STAFFORD, assistant technical director. 

Mr. Stafford, chairman of the Transport Commission 
of C.1.D.A. was also chairman of the organising body for 
this exhibition and conference. Strasbourg was chosen 
as the venue because of its importance as a centre in the 
European railway network; to this was added the 
historic interest of the city and the fact that it is an 
expanding industrial centre. 

The exhibits included vehicles with long service ex- 
perience, new prototypes, and examples of components. 
The contributions by countries represented were as follows : 


Austria—A railcar trailer 
Belgium—A 2-car train set and a passenger carriage. 


France—A main line coach, two suburban coaches, an 
articulated coach, an early railcar, a railcar trailer, an 
open coal wagon, a wagon with automatic discharge 
gear, a cement wagon, two alumina wagons, a salt 
wagon, a tank wagon, a sulphur wagon, a wagon with 
side openings, a wagon with sliding roof and a wagon 


with trailer. 
Germany—A TEE-train restaurant car, two suburban 


This interior view is of a British 
Railways lightweight diesel railcar in 
course of construction. The first of 
these was built in 1954, and it is 
expected that 550 will have been 
completed by the end of this year. Of 
fully integrated construction, 4 tons 
(excluding trim, window frames, etc.) 
of sheet and extrusions in Al-Mg-Si- 
Mn alloy are incorporated, assembly 
being by riveting. Extensive use is 
made of special mating extrusions in 
the body structure. The body has a 
length of 58 ft. and the tare weights of 
motor and trailer cars are 29 tons and 
21 tons, respectively: the corres- 
ponding figures for seating capacity 
are 52 and 65. 


This Swiss silo wagon was built in 
1958 and has a useful volume of 
1,700 cu. ft., a maximum pay load of 
32-7 tons, and a tare of 7-3 tons. The 
silo and underframe are of Al-4°% Zn- 
Mg alloy—-3:8 tons were used-—and 
inert gas shielded arc welding was 
used in the assembly. 


type cars, two railcars, a goods wagon, a wagon with 
sliding side doors, a wagon with sliding roof, a plat- 
form wagon, an alumina wagon and a refrigerator car. 
ltaly—A couchette passenger car, a coal wagon and a 
tank wagon. 
Switzerland—A car for narrow gauge mountain rail- 
ways, a car with pneumatic tyres, a standard first 
class coach, a covered wagon, a wagon with opening 
roof, a platform truck, a wagon for transporting motor 
cars, and a silo wagon. 
United Kingdom—A London Transport Underground 
car, a British Railways 2-car diesel train set, a coal 
hopper wagon, a mineral wagon and a general purpose 
container, 
The wide variety of components included axle boxes, 
bogie parts, brake equipment parts, pantographs, 
windows and doors. Semi-fabricated aluminium pro- 
ducts on view included special extrusions, large rolled 
plates, sheets for decorative and other purposes and 
decorative sections. 

Associated with this exhibition were a number of 
informal technical discussions on general topics. 
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This French prototype self discharging 
coal wagon incorporates about 9 tons 
of aluminium alloy. The riveted body 
and underframe are in Al-5°% Mg 
alloy, and the bogie frame in Al-4°%, 
Cu-Mg alley. Castings in Al-5°, Cu- 
Mg-Ti alloy are used in wheel centres, 
buffers, axle-boxes, centre castings, 
spring seats, bogie frame, bolster 
guides, etc. It has a maximum pay 
load of 64-5 tons and a tare of 15-16 
tons. Since it was built in 1947 it has 
run over 200,000 miles, and the 
behaviour of the sheets in contact with 
the coal has been excellent. 


Opening Ceremony 


The exhibition was opened by Proressor Dr. H. 
OEFTERING, president of the Deutschen Bundesbahn and 
of the International Union of Railways, who was wel- 
comed by M. Anpré Dumas, president of C.I.D.A. M. 
Dumas, after referring to the importance of the exhibi- 
tion and its significance in connection with railway 
construction, expressed gratitude to the Société National 
des Chemins de Fer Frangais for providing the site and 
other facilities that made the exhibition possible. 
Dr. Oeftering referred briefly to the progress of aluminium 
in its application to railways, and to the evidence of 
European co-operation in this exhibition, and then 
performed the opening ceremony by cutting with a pair 
of anodised aluminium scissors a strip of aluminium tape. 

A detailed official tour of the Exhibition then followed, 
after which the conference delegates adjourned for the 
inaugural luncheon at which M. Dumas welcomed guests 
on behalf of the European aluminium industry. In so 
doing he greeted representatives from the International 
Union of Railways, from the railway administrations of 
Germany, Austria, France, Great Britain, Italy, Sweden 
and Switzerland, from all member companies of the 
C.1.D.A., as well as from Belgium, Denmark, Spain, 
Norway, Netherlands, Portugal and Yugoslavia, from the 
international organisations dealing with the construction 
of transport vehicles, and finally, representatives of 
companies which build and use railway rolling stock in 
Europe. M. Dumas continued (free translation of ex- 
tract) : 

‘or road vehicles the same tendency which leads to a 
progressive and inevitable reduction of deadweight 
achieves it more and more by the use of aluminium 
alloys, whether for lorries, coaches or touring vehicles. 
For marine transport there is hardly a ship which has 
not made use of them to reduce top hamper, with 
resultant reduction in the engine power and greater 
stability. The United States, the Oriana, and (tomorrow) 
the France each have from 1,200 to 2,000 tons of alumi- 
nium principally in their superstructures. 

“ Railway rolling stock cannot escape this develop- 
ment which is characteristic of our time. The first 
coaches panelled in aluminium appeared on the Liver- 
pool/Southport line in 1905. At this period, however, 
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the advantages of aluminium had not been fully realised. 
Constructions of considerable size were not to appear 
until after the first World War, and then on suburban 
lines where frequent stopping, necessitating frequent 
changes of working conditions, make weight reduction 
extremely valuable. Whilst the use of aluminium in 
coaches rapidly grew in amount and variety, it still 
seemed inconceivable that the metal should be used 
for the construction of wagons—probably on account 
of its first cost. Among the achievements of the period, 
three are outstanding: in Germany, the railcar of the 
Halberstadt/Blankenburg line with its body-structure 
(1927); in France—the double decker coaches of the 
Chemins de Fer de l'Etat, where the body-structure is a 
mixed construction of special steel and duralumin (1930) ; 
and in France, again, the articulated train of the Chemins 
de Fer du Nord, of aluminium-magnesium alloy and are- 
welded construction (1933). 

“ These coaches are still in service, without failure 
after twenty-five years, and have travelled hundreds of 
thousands of miles: they represent three characteristic 
types of construction: three stages which prove the 
value of the techniques as well as the materials; and 
three constructions with a record of low weight per 
passenger carried which has not been surpassed in metal 
rolling stock construction. 

“In goods wagons, competition from road transport 
opened people's eyes, especially after the second war, to 
the part which aluminium could play in their construc- 
tion. Two characteristics in particular have been 
exploited : resistance to corrosion or to attack from 
certain products ; and the improvement in the ratio of 
load to tare for transport by complete trains. Aluminium 
eliminates the use of expensive materials for the fabricu- 
tion of tanks for nitric acid, hydrogen peroxide and 
beer; it also reduces the maintenance costs for the 
transport of coal—for example, the life of aluminium 
panels has been shown to be three times that of steel 
panels. The economics are sound, despite the first cost 
of aluminium, when the saving in weight can be trans- 
formed to payload, when the annual mileage is high, or 
when the characteristics of the line limit the size of the 
train. Complete trains of all-aluminium wagons have 
been made up for the regular transport of alumina, 
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bauxite, coal, sulphur, phosphates, salt, and so on. 
To be able to benefit from the high ratio of load to tare 
which is characteristic of these wagons, it has been 
necessary to obtain from the railway companies an 
extension, albeit still insufficient, of the tariff regulations. 

“ Six tons of aluminium are sufficient for the body- 
structure of a 65-ton payload hopper wagon, thanks to 
progress in the metallurgy of aluminium and in the 
technique of using it. Alloys suitable for the require- 
ments of railway structures are principally amongst the 
non-heat treatable ones, which attain their mechanical 
properties by cold working have good resistance to corro- 
sion, and are easy to fabricate and weld. They can be 
supplied in sheets and sections of large dimensions as you 
have been able to see from many of the exhibits. The ex- 
trusion process provides the designer with complex 
cross-sectional shapes which enable him to realise his 
designs with the maximum simplicity and speed of 
fabrication. It is thus possible nowadays to construct 
a carriage door in a single extruded section. 

Welding techniques have made very great progress, 
and both spot welding and inert-gas_ shielded-arc 
welding are now carried out more quickly on aluminium 
than on steel. Adhesive bonding, very widely used in 
aviation, can also be applied to railway construction. 

“Many other improvements have now come within 
reach : the progress which has made possible the flight 
of the Caravelle today foreshadows that of the railway 
construction of tomorrow. 

“ The uses of aluminium today are so varied that its 
applications in railways is not limited to the actual 
structure of the rolling stock. It can be used to advan- 


tage for fittings in the form of panels or decorative 
components, polished and anodised. It 


is a good 
conductor of electricity, and is used for busbars or 
cables in electric locomotives, and for conductor rails 
and overhead lines. A good conductor of heat, it is used 
for the construction of heat exchangers which thus 
become lighter and less cumbersome than those in 
ferrous metals. Its high reflectivity—particularly that 
of the very pure metal—is used for the construction of 
untarnishable reflectors for lighting and signalling. In 
the form of foil, it provides a very light weight thermal- 
insulating material which does not deteriorate. 

* In helping the railways to continue with this task, 
our metal—and the organisation of which I am president 
—will be proud to have contributed to the progress of 
our civilisation. Strasbourg, a city steeped in history, 
could not have been a better choice for our meeting.” 

Dr. Ocftering, the principal guest, thanked the 
U.LD.A. organisation on behalf of all the railway 
authorities of the International Union of Railways for 
the privilege of being able to take an active part in the 
exhibition which made known the technical accomplish- 
ments of C.1.D.A. The fact that railways had been 
chosen as the subject of this exhibition of the use of 
aluminium confirmed that the railways still played their 
outstanding réle as a means of transport, and showed 
also that the railways were co-operating with the alumi- 
nium industries to further technical progress and in the 
direction of maximum industrial efficiency. The 
exhibition was a superb testimonial of European engi- 
neering knowledge. Under modern traffic conditions it 
was no longer possible to do without aluminium : 
all railway authorities needed its many advantages. 
Dr. Oeftering went on to emphasise the importance 


attributed by railways to low specific gravity of rolling 
stock and to the fact that the building of lighter vehicles 
was made possible by modern methods of construction, 
by the use of resistant materials and of materials of low 
specific weight. He concluded by referring again to the 
importance of international co-operation, which he said, 
had been advocated by the European railways during the 
one hundred years of their existence. Railways also 
regarded it as their function to assist all organisations 
which were trying to advance the technical development 
of railways on an international scale. It was his particu- 
lar wish that the Strasbourg exhibition should strengthen 
the already strong mutual respect between the railway 
organisations and C.I.D.A. and lead to increasingly 
effective co-operation. 


Automatic Control of Arc Furnaces 


Tue Steel, Peech and Tozer branch of the United Steel 
Cos., Ltd., is installing a BISRA automatic power input 
controller (“* APIC ”’) on their 5-ton electric are furnace. 

In an electric are furnace, the temperature of the roof 
refractories is a good guide to the efficient use of electrical 
power, because unduly high temperatures indicate that 
power is being wasted. A furnace operates at optimum 
efficiency when the furnace voltage is regulated to suit 
each stage of the steelmaking process and condition of 
the charge. BISRA investigations have specified these 
voltages for particular furnaces and have shown that the 
change of voltage can be made automatically so that the 
optimum voltage is used at each stage. 

APIC works the furnace according to a controlled 
programme of time and roof temperatures. The equip- 
ment consists primarily of a synchronous electric timer 
and devices which continuously measure the temperature, 
and rate of temperature change, of the roof refractories. 
When the information relayed by these instruments 
indicates that a particular stage of melting has been 
reached, the controller selects the appropriate voltage for 
the next stage of the programme. 

Steel, Peech and Tozer have used the prototype APIC 
on a continuously operated 5-ton arc furnace. A three 
weeks trial under observed technical control, followed by 
a further two months trial under normal operating 
conditions, has shown reduced electricity consumption 
and improved melting rate, and some indication of a 
reduction in roof wear. The company is now building an 
APIC for permanent use so that the prototype can be 
released for trials at other works. APIC, by providing a 
method of automatically maintaining efficient furnace 
operation, should contribute materially towards im- 
proving the economics of the electric are process. 


Rhodesia May Roll Copper 


RHODESIA may set up a copper-rolling mill because of 
the high cost of sheeting imported from the U.K. 
From its local head office in Salisbury, Barclays Bank 
D.C.O. reports that it has been suggested that the mill 
should be on the Copperbelt. The idea was highlighted 
recently, adds the Bank, when it was revealed that 
quality sheeting required in Northern Rhodesia cost 
£414 per ton delivered in Kitwe from Britain. When the 
1 ‘lative order was placed the price of copper was £230 
per ton on the London market. 
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British 
Steel Castings 
Research 
Association 


Open Days at 
Sheffield Research a 
Station 


built and equipped its laboratories in East Bank 

Road, Sheffield, in 1956 the staff has increased from 
twenty-four to seventy-two, of whom forty-five are 
directly engaged on research, nineteen being graduate 
investigators. The current annual expenditure is 
around £100,000, the industrial income being mainly 
provided by fifty-eight steel foundries in the U.K., who 
subscribe at the average rate of almost £1,000 p.a., or 
over 0-16°, of turnover: this is twice the national 
average rate of contribution to research associations. 
Additionally, financial support is obtained from some 
steel founders in the Commonwealth, and from a number 
of foundry equipment and supply companies who are 
Associate Members and Contributors. 

The laboratories, which with the extensions made in 
1959-60 have cost almost £200,000 to build and equip, 
comprise a foundry which provides facilities for pilot plant 
scale experimentation in steelmaking and all foundry 
processes ; together with a number of smaller labora- 
tories for sands, mechanical testing, radio-isotope work, 
chemistry, metallurgy, gases-in-steel analysis, and at- 
mospheric dust and fume investigations. A machine 
shop serves the laboratories by building experimental 
equipment and preparing test pieces. 

In presenting the Association’s Annual Report at the 
Annual General Meeting, the Chairman, Dr. R. Hunter, 
referred to the conference in January on the subject of 
atmospheric pollution from steel foundry melting 
furnaces, which drew from the Alkali Inspectorate a 
statement of policy. During the past year, the Associa- 
tion has amassed a considerable volume of data on fume 
emission from melting furnaces and on means for its 
control: this will form the basis of technical argument 
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to be presented to the Alkali Inspectorate which, if 
accepted, will result in standards of fume emission more 
acceptable to the industry, and in less total atmospheric 
pollution. 

Dr. Hunter also referred to two new major activities 
which have been started during the year, namely the 
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The experimental foundry which has been extended in length by 


45 ft. during the past year. 


Steel Castings Development Committee and the special 
assistance to industry scheme. The Committee has been 
set up jointly with the British Steel Founders’ Associa- 
tion to provide and disseminate data designed to pro- 
mote the greater use of steel castings. A useful start has 
been made in the provision of lectures and lecture material 
for presentation to engineering societies and engineering 
departments of technical colleges, and substantial 
progress has been made with a programme of work to 
determine properties of steel castings on which data are 
now lacking. 

The special assistance to industry scheme has been 
launched, with special financial assistance from the 
D.S.1.R., to promote the application of research results 
in practice. Personal visits will be paid to member firms 
by senior research staff, either in connection with a single 
topic—such as oxygen injection in steelmaking, or to 
discuss the Association’s activities in more general 
terms. The number of requests received in response to 
an offer to undertake for members work simplification 
studies in fettling shops and core shops has proved over- 
whelming, but a start has been made and progress will 
be maintained as rapidly as possible. Preliminary 
consideration has been given to the holding of a con- 
ference on this subject later in the year, when it will be 
possible for the Association to indicate by practical 
examples some of the benefits to be derived from the use 
of work simplification techniques. 

Following the Annual General Meeting, and on the 
succeeding two days, the laboratories were open for 
inspection and members were able to see at first hand 
some of the work described in the Annual Report, and to 
discuss with members of the research staff those items of 
particular interest to them. Progress in some of the 
metallurgical and steelmaking projects have been handi- 
capped in the past by the lack of facilities for the deter- 
mination of oxygen, nitrogen and hydrogen in steels. 
Member firms have generously assisted in this respect, 
but a start has now been made on the establishment of a 
gas analysis section, and this is expected to become fully 
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operative during the coming year. Some of the metal- 
lurgical projects—particularly that concerned with the 
effects of inclusions in cast steel—will also benefit from 
the recent installation of a 56-lb. vacuum melting fur- 
nace. 


Steelmaking 


The use of oxygen injection for carbon removal during 
steelmaking has led to the preparation of control charts 
giving the amount required to produce a predetermined 
carbon reduction at various bath temperatures. The 
validity of these charts has been substantiated by 
further foundry trials and a study has been made of 
instruments available for metering the oxygen. Experi- 
ments to determine the effect of increased agitation due 
to the ballast nitrogen when air/oxygen mixtures are 
used for injection, showed that the efficiency of carbon 
removal was only enhanced when the content before 
injection was below 0-2°%. Fume emission is a feature 
of oxygen injection and it has been shown that 
for a given mean carbon level (average of initial and final 
contents) the fume produced increases with the oxygen 
flow rate, and for a fixed flow rate it increases with the 
mean carbon level. 

Earlier work had shown that phosphorus could be re- 
moved effectively during oxygen injection at low tem- 
peratures under a highly basic slag, but there was a 
considerable reversion of phosphorus to the steel during 
the subsequent period under a reducing slag for sulphur 
removal. Experiments have continued using double 
oxidising slag techniques, the first such slag being re- 
moved prior to oxygen injection under a second oxidising 
slag. Reversion of phosphorus has, however, still been 
troublesome during the reducing period. 

Work has continued on the “ reversed slag ” process 
for desulphurisation, in which the steel is melted under a 
reducing slag and the bath rabbled by astream of nitrogen. 
The reducing slag is then removed and replaced by an 
oxidising slag, oxygen injected to remove carbon, the 
oxidising slag removed and the heat finished as quickly 
as possible under a thin protecting reducing slag cover. 
Gas estimations have shown that there is no significant 
increase in the nitrogen content of the steel, and that the 
hydrogen content drops both during the nitrogen 
injection period and during subsequent oxygen injection, 
so that the hydrogen content of the cast steel is lower 
than that of steel of a similar sulphur content made by 


the conventional two slag process. In works trials, 
trouble was experienced with sulphur reversion during 
and after the oxidising period. This isthought to have been 
due to pick-up from the hearth which was of dolomite, as 
compared with the magnesite hearth of the research 
furnace. Experiments are also in hand to increase the 
efficiency of sulphur removal by the injection of powdered 
materials with a high affinity for sulphur with the nitro- 
gen stream. The possibility of entraining lime powder 
with the oxygen injected for phosphorus removal is also 
under investigation. 

As a first step in a study of the causes of pinhole 
porosity a test casting has been developed which can 
be made free from pinholes when desired, and work is 
proceeding to ascertain the effect of steelmaking, mould- 
ing and atmospheric variables. 


Moulding 


Considerable progress has been made in the work on 
mould paints and washes, which is mainly concerned with 
factors affecting the cracking propensity of paints both 
on drying and under the influence of thermal shock 
heating. Cracking during drying has been shown to be 
affected by a number of factors other than the presence of 
clay in the wash, viz., sand ramming density, sand dry 
strength, excess suspending agent, the incorporation of 
very fine powders as a filler, and the addition of inorganic 
bonding agents. Replacement of the bentonite sus- 
pending agent by sodium alginate has been shown to 
minimise this defect to a considerable extent. Paints 
using sodium alginate were also better from a thermal 
cracking point of view. 

Trials with a specially developed casting have shown 
that metal penetration under high ferrostatic pressures 
can be eliminated provided a thick thermally stable 
refractory layer of zircon, silica, alumina, or magnesia lies 
between the molten steel and the sand. This casting 
has also been used to study the actual mechanism of 
metal penetration. 

The room temperature properties of inflammable type 
mould washes have also received some attention, and it 
is now possible to formulate inflammable washes with 
adequate suspension properties which give good, hard, 
crack-free surfaces on drying. 

The erosion of moulds by molten steel has been shown 
to be related to the density of the sand compact and the 
type of bentonite used : cereal additions have been found 


The 561lb. capacity vacuum electric in- 
duction furnace recently installed by 
G.E.C.-Viavac. 
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to be beneficial. As the surface roughness of the casting 
has not provided a reliable measure of erosion, the test 
casting has been modified and increase in weight is the 
criterion. In a promising complementary test, a sand 
specimen is oscillated in rotation while immersed in mol- 
ten steel. 

Friability tests on air drying green sand moulding 
mixes have resulted in quantitative correlations being 
established between friability and such factors as 
moisture content, bonding clay additions, degree of ram- 
ming, wetting agents and other additions, and surface 
sprays, and attempts dre being made to correlate it with 
factors such as speed of drying, ete. 

Work on the CO, process has been concerned with hot 
tearing, and it has been shown that the tendency towards 
it is no greater than with normal clay-bonded dry sand 
mixes. The addition.of organic materials does not im- 
prove collapsibility at high temperatures, but a small 
amount of clay added to a straight silicate bonded sand 
may reduce tearing. Factors found to affect the severity 
include the intensity of milling, the degree of ramming, 
and the pouring temperature. A suitable test casting 
has been devised for assessing the ease of breakdown of 
CO, sands after casting. 

A number of air setting, clay tolerant oil binders for 
moulds and cores has been examined with regard to clay 
tolerance, bench life and gas evolution on breakdown : 
no marked increase in hardening rate could be achieved 
by gassing with oxygen. Other binders examined include 
aluminium ortho-phosphate solutions and a_ special 
polyacrylamide binder, but there was no confirmation 
that the latter could replace cereal additions to a sand 
mix. 

Work in the B.S.C.R.A. laboratories on the effects of 
grain size and grain size distribution on the packing 
density of a silica sand when compacted under standard- 
ised conditions, using particles of d, 0-4d and 0- 15d 
diameter, has shown the maximum bulk density to be 
achieved with 70% d, 5% 0-4d, and 25% 0-1lid. The 
addition of 3°, moisture reduced the density markedly : 
the effect of clay additions is under investigation. In 
another aspect of this work, being carried out at Sheffield 
University, the plastic behaviour of clay /water films is 
being studied in relation to compaction properties when 
the clay is mixed with sand. In general the factors of 
greatest importance are the viscosity of the clay /water 
film and the type of clay : viscosity may be modified by 
additions of substances such as sodium carbonate. 


Metallurgy 


An investigation of microporosity in steel castings, 
using a semi-microradiographic technique had shown that 
high phosphorus content can induce a fine crack-like type 
of micro-porosity in sections too small for the defect 
normally to occur. Feeding by means of compressed air 
risers did not result in a completely sound casting, and in 
view of the difficulty in ensuring that columnar crystals 
are not bridged over, the technique is unlikely to find 
wide application. 

The mechanism of the improvements in the properties 
of cast steels as a result of adding rare earths and complex 
deoxidants will be investigated in the new vacuum 
melting furnace. The low temperature impact properties 
of normalised cast medium carbon steel have been shown 
to be improved by ladle deoxidation with aluminium and 
mischmetall and calcium-silico-manganese as compared 
with corresponding steel deoxidised with aluminium 
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The high temperature tube furnace shown on the right is 


capable of operating at temperatures up to 1,500 C. It is 
mainly used for diffusion experiments in the study of 
micro-segregation in cast steels. 


alone; there is no effect in hardenability and, therefore, 
on welding. 

Work has continued to determine the possiblity of 
reducing the time taken in foundry heat treatment, and 
the effect of the time and temperature of the austenitising 
operation on the properties of medium and low alloy 
steels is being studied on castings of 1, 3 and 5 in. sections. 
The laboratory work is being supplemented by a stud y 
of the behaviour of commercial heat treatment furnaces 
in the works of Member firms. 

A design of test casting giving columnar growth long 
enough to permit the machining of test pieces from the 
columnar zone has been developed. Impact test pieces 
machined along the major axes of columnar crystals gave 
results inferior to those on test pieces machined transverse 
to the major axes. Steels with higher sulphur and 
phosphorus contents are being tested to see whether the 
increased segregation markedly affected the results. 

An investigation is being conducted in the Metallurgy 
Department of Sheffield University on intergranular 
fracture in steel castings. Electron microscopy of 
intergrannular fracture surfaces, using a carbon extrac- 
tion replica technique, have disclosed aluminium nitride 
precipitates in 14% Mn steels, but they were on crystal- 
lographic planes extending from the grain boundaries 
into the grains, and not on the fracture surfaces. Large 
lamellar precipitates found on the latter have been 
tentatively identified by electron diffraction as MnO or 
MnS. In laboratory tests intergranular fracture was 
synthesised using 6 Ib. ton of aluminium and calcium 
cyanamide. ectron diffraction studies suggested that in 
this case the precipitates were FeO.Al,O,, although the 
correlation in d values was not exact. 

In vacuum melted steels, with oxygen reduced to an 
absolute minimum, a precipitate giving rise to inter- 
granular fracture was produced along prior austenite 
grain boundaries. This precipitate has not been posi- 


tively identified, but it is considered to be related to the 
presence of nitrogen, since steels deoxidised with 
6 lb. ton of aluminium melted under a nitrogen atmos- 
phere at low pressure exhibited intergranular fracture, 
while similar steels melted under argon did not. 
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Magnetic permeameter used for determining the B H 
characteristics of cast steel using ring test specimens. 


A review of the available knowledge on micro- 
segregation in steel castings has been made and a pro- 
gramme of research planned : as a first stage considera- 
tion has been given to methods of measuring micro- 
segregation. The ultimate object of this investigation 
is the development of casting compositions with superior 
properties, particularly when heated to high tensile levels. 


Plant Engineering 


The Association has carried out trials of sand reclama- 
tion by a dry pneumatic unit and by three wet methods. 
Normal laboratory tests and casting trials have suggested 
that a very high degree of cleanness may not be required, 
and that a certain amount of residual clay may be 
tolerated. A colorimetric method has been developed for 
determining the live clay in sands containing both live 
and dead clay, and work is at present in hand to develop 
a technique by which the total clay can be accurately 
determined : the dead clay would then be determinable 
by difference. 

An investigation of the performance of three different 
moulding machines has yielded information on the effect 
of the machine variables on the compaction of moulding 
sand. An investigation has also been made of the 
effect of squeeze pressures exceeding those available on 
jolt-squeeze moulding machines, and the results show 
that in order to obtain very high compaction and 
mould hardness figures, it is necessary to use a sand 
mix with exceptionally high green strength containing 
10%, clay and 3°%, water. 

The results of tests to-date on the cleaning properties, 
relative life and wear of impeller blades with various 
shot blasting abrasives indicate that chilled cast iron 
grit has the fastest cleaning rate, followed by malleable 
iron grit, steel cut wire pellets and steel shot. The wear on 
the 0-25% C cast steel testing machine parts was least 
with steel and greater with malleable iron grit, steel cut 
wire pellets and chilled iron grit, in that order. The life 
of steel cut wire pellets was 60 times that of chilled iron 
grit, 27 times that of malleable iron grit and 4 times 
that of steel shot. The examination in the testing 
machine of wear resistant materials indicated that white 
cast irons of high nickel content were superior to high 
chromium cast irons, and both were superior to plain 


white irons for parts of blast-cleaning equipment. For 
future work, the machine has been modified to provide 
more detailed information on the relationship between 
physical properties of abrasives and their efficiency. 
Investigations have been conducted on the emission of 
fume during oxygen lancing on the 6 ewt. laboratory 
furnace, and tests are being made of the performance of 
pilot plant collectors when handling fume. Measure- 
ments have been made of fume emission during complete 
melts in electric furnaces and Tropenas converters 
installed in production foundries. Total emission was 
found to be remarkably constant, at 5 lb./ton of steel 
melted, for electric furnaces making carbon steel by the 
basic double-slag process, with oxygen injection, over a 
capacity range from 3 to 80 tons. The total emission from 
Tropenas converters was of the order of 25 lb. ton. Asa 
possible means of defining an acceptable level of dis- 
charge from are furnaces, experiments are in progress to 
relate the gravimetric fume loading in gr. cu. ft. with the 
degree of optical obscuration caused by the emission. 


Industrial Health 


Experimental work at the Research Station has 
resulted in the development of a fettling bench which 
provides a highly efficient control of dust generated dur- 
ing the fettling of light castings and, at the same time, 
leads to a substantial reduction in the noise pressure level. 
Spencer and Halstead, Ltd., and Newton Collins, Ltd., 
are to produce benches to this basic design under licence 
from the Association. 

A series of annual experiments is being conducted at 
Reading University to determine whether there is an 
aggravated hazard to health resulting from the CO, /- 
sodium silicate bonding process for foundry sands. 


(continued on page 20) 


The properties of various types of shot-blast 
abrasives can be determined and compared from 
the test results obtained in this machine. 
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Control of Intermetallic Particles in 
Magnesium Alloys by Filtration 


By W. Unsworth,* A.R.I.C. 


Insoluble intermetallic particles in wrought magnesium alloys can be controlled by a 
filtration process in which the molten metal is passed in a downward direction through a 


suitable filter bed maintained below the filtered metal level to prevent oxidation. 


No.8 


grade chilled iron shot appears to be the most practically satisfactory filter material. 


NSOLUBLE intermetallic particles in wrought 
magnesium alloys can be deleterious in forging and 
may adversely affect the fatigue resistance of the 

alloy. The particles are normally either manganese- 
rich or zirconium-rich, depending on the type of alloy. 
Although settling processes can be used for reducing the 
iron content of magnesium alloys, they do not effectively 
remove the suspended particles normally encountered 
in wrought stock, even when used in conjunction with 
favourable temperature gradients.t Centrifuging of 
melts with peripheral fields up to about 100 q fails to give 
satisfactory removal, although rich concentrations of 
settled particles are obtained.t{ 

Work was therefore carried out to discover whether 
these insoluble particles could be removed by filtration, 
and if so, whether such a process could be readily adapted 
to the production of substantially particle-free direct 
chill cast billet and slab.§ No experiments were made 
with the high zine alloy ZW6 (Mg-6°,,Zn-Zr), in which 
zirconium-zine intermetallic particles can form in 
addition to the “non-dissolvable”’ zirconium-rich 
particles* present in all zirconium alloy melts. 


Preliminary Experiments with Alloys Containing 
Manganese 

The preliminary work was carried out on the mangan- 

ese-containing alloys, Elektron AZM and AZ31), since 

manganese-rich particles are much larger than the 

zirconium-rich particles encountered in  zirconium- 

containing alloys, and would probably therefore be 
more readily removed by filtration. 


Early Laboratory Tests 


Initial tests were carried out on a 5-10 Ib. scale using 
the following filter media : 


(i) glass wool, 

(ii) steel wool, 

(iii) crushed graphite (}—} in. pieces), 

(iv) crushed coke (}—} in. pieces), 

(v) crushed refractory brick (}—} in. pieces), 
(vi) steel shot (}-} in. diameter), 

(vit) pumice. 


The filter medium was placed in a thin-walled filtering 


* Metallurgist, Magnesium Elektron, Ltd. 

+ By applying heat to the top of the melt and cooling the bottom, convection 
can be largely suppressed, thus facilitating particle sedimentation. In the 
absence of such a temperature gradient, convection currents may prevent 
effective settling, especially whilst the melt is held in bottom-fired furnaces. 

t These particle concentrations proved useful, however, in the study of the 
insoluble particles themselves (reference 3). 

§ For method of casting see reference 1. 

|| Nominal compositions: AZM—Mg-6% Al-1%Zn-0-3% Mn; AZ31—Mg-3% 

Al-1% Zn—0- 3% Mn. 
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crucible with perforated base, the crucible thoroughly 
preheated, and the bottom then immersed in a bath of 
relatively particle-free alloy, before pouring on the metal 
to be filtered. As filtration proceeded, the filter crucible 
was raised, care being taken that the lower end of the 
crucible remained below the surface of the filtered metal 
so as to prevent oxidation. When the greater part of 
the metal had passed through the filter, the crucibles 
were water quenched and the solidified metal removed 
for examination. 

In all cases, microscopic examination showed that little 
manganese removal had been achieved. This was 
supported by chemical analysis. With (i) and (ii), the 
filter medium settled down during filtration causing 
blocking and reduction in metal flow. Reducing the size 
of the fragments in (iii), (iv), and (v) resulted in much 
slower metal flow without appreciably improving the 
removal of manganese particles. Coating the graphite 
with molten non-deliquescent flux gave slightly better 
results. In all tests with crushed brick, some silicon 
pick-up occurred, whilst with pumice the reaction was 
vigorous. Steel shot gave slightly better results, the 
removal of particles in this case being comparable with 
tests using flux-coated graphite chips. 

Further tests were carried out using woven fibre glass 
cloths.* These resulted in almost complete removal of 
particles from AZ31 alloy (Fig. 2), but filtration was very 
slow. More rapid filtration was obtained using B.S. 30 
steel mesh, the extent of particle removal being illustra- 
ted radiographically in Fig. 7. From microscopic 
observation however, the effectiveness of the gauze filter 
appeared at least partly dependent on the entrapment 
of oxide skins on which particles could be retained ; 
break-through of particles occurred frequently at points 
where an oxide film was absent or had parted. That 
oxide films assist the removal of metallic particles by 
filtration accords with previous experience.t 

These experiments suggested that a filtration method 
based on steel gauzes could effect substantial removal 
of manganese particles from direct chill cast AZM and 
AZ31 billets and slabs, but that the results might be 
somewhat erratic due to variations in the quantity and 
distribution of oxide films collected on the filter. 


Production Scale Trials 


A modified reservoir and launder fitted with a remov- 
able filter was constructed (Fig. 1) for production scale 
trials. Eight 300 lb. AZM D.C. cast billets were poured 
using a filter of B.S. 30 steel mesh. Slices taken from 


* “ Tyglas cloths supplied by Fothergill and Harvey, Ltd., Manchester. 


+ See reference 2, Figs. 29-31. 
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Fig. 1..-Diagrammatic arrangement of filtration apparatus 
for preliminary production scale trials. 


top and bottom of the billets for radiography showed 
less particles than did those from unfiltered production 
material. 

Zirconium-containing Alloys 


Laboratory Experiments 

In view of the encouraging results obtained on man- 
ganese-containing alloys, 10 lb. scale tests were carried 
out with stainless steel gauzes of various mesh sizes on 
Elektron ZW3* to which a small addition of Elektron 
A8t alloy (0-5%,) had been made, prior to filtering, in 
order to produce a shower of zirconium-rich particles.t 
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Fig. 2._-Manganese particles in AZ31 retained by glass fibre filter. 

Fig. 3.—-Attack by magnesium on strand of B.S. 150 mesh stainless steel gauze. 

Fig. 4..-Zirconium-rich particles retained by B.S. 70 mesh stainless steel gauze: 
oxide skins present. 

Fig. 5._-Zirconium-rich particles retained by a double layer of B.S. 30 mesh steel gauze. 


With B.S. mesh numbers less than 70, little particle 
removal was achieved, mesh numbers greater than 80 
giving very low rates of metal flow. In the latter cases, 
some attack on the gauze occurred, especially with the 
finer apertures (Fig. 3). B.S. 70 and B.S. 80 mesh screens 
gave some measure of particle removal with reasonable 
metal flow. Fig. 4 shows the zirconium-rich particles 
retained by a B.S. 70 screen. 

The possibility that several spaced layers of relatively 
coarse mesh, might be more effective than a single fine 
mesh was investigated. It was found that as the number 
of layers of mesh increased, the rate of metal flow fell 
rapidly, the rate of decrease being greater the greater 
the mesh number. A double layer of B.S. 30 mesh gave 
a satisfactory flow rate, but was only slightly more effec- 
tive than a single layer of B.S. 80 mesh in removing 
particles. Fig. 5 shows a section through a double layer 
of B.S. 30 mesh with the particles retained. 

The results with spaced gauzes suggested that a loose 
compact of coarse wire or steel turnings would make a 
more satisfactory filter bed. Small scale tests showed 
that compacts made by compressing mild steel turnings 
(approx. jin. wide and 0-005in. thick) would give 
substantial removal of zirconium-rich particles from 
ZW3. A section taken through such a filter after use 


Nominal composition: Mg-3% Zn-0-7% Zr. 

+ Nominal composition: Mg-8®,Al-0-5% Mn. 

1 Aluminium, like iron, silicon, and certain other elements, is insoluble in 
magnesium containing dissolved zirconium. 
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Figs. 2-6.-Sections through filtered melts quenched during course of filtration. 
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The compacts were made in 3 in. diameter magnesium 
dies on a small metallurgical mounting press and 
calibrated* before use. 

To see whether particle removal could be improved by 
varying the direction of the metal flow, two series of 
small scale tests were carried out with filters of steel 
gauze and compressed steel turnings in which the metal 
was passed in the following directions :— 

(¢) upwards through a horizontal filter, and 

(ii) horizontally through a vertical filter. 

The results showed that method (ii) gave little or no 
removal of particles, and the results obtained by method 
(i) were comparable with those obtained using the 
downward method ; with upward filtration, moreover, 
the filter was less prone to blockage and the metal flow 
more uniform. 


Production Scale Trials 


Two series of direct chill cast 175 mm. diameter billets 
in ZW3 alloy were filtered, one series using single and 
double layers of B.S. 70 mesh steel gauze and the other 
calibrated steel turnings filters. In all cases the filters 
were held between mild steel rings and mounted on a 
threaded rod (Fig. 8). Radiographs taken from top 
and bottom of the billets showed that billets made using 
the compressed steel turnings filters were superior to the 
others as regards freedom from particles, thus confirming 
the earlier results. 

Four 175 mm. D.C. cast ZW3 billets were made using 
a modified reservoir which enabled the metal to pass in 
an upward direction through the filter. For these, 
calibrated rectangular compressed steel turnings filters 
were used. During filtration, the metal flow lifted the 
filter from its seating, and on clamping the filter in 
position metal was forced round the sides of the filter 
rather than through it. As a result, the billets showed a 
higher incidence of particles than did those filtered using 
the downward method. In view of the satisfactory 
results obtained using the downward method, the upward 
method was then abandoned. 

Although 175mm. diameter billets could be cast 


® These filters were calibrated in terms of the time taken for 1 litre of mineral oil 

(viscosity 0-13 c.g.s. units) to pass through the filter under a constant pressure 
head. Filters of 1 in. thickness with “ oil times " of 60-90 seconds were the 
most suitable. 


Fig. 6.—-Zirconium-rich particles retained.in and above a 
compressed steel turnings filter : oblique illumination. = 1} 
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Fig. 7.-Print of radiograph showing the removal of 
manganese-rich particles using a steel wire gauze of 
B.S. 30 mesh. 


satisfactorily from filtered melts using a 3 in. diameter 
filter, some blockage with reduced metal flow occurred 
with larger diameter billets, indicating the necessity 


Fig. 8.-Assembly of compressed steel turnings filter 
used for 300 Ib. scale melts. x4 
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Fig. 9.—-Diagrammatic arrange- 
ment of reservoir and _ three 
compartment filter box used for 
compressed mild steel turnings 
THREE ComparnTMENT filter. The lower diagram is a 

FILTER BOX modified filter box for use with 
chilled iron shot. 
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TABLE I.—APPROXIMATE CASTING SPEED FOR D.C. CAST BILLETS AT 
DIFFERENT RAM SPEEDS.* 


Billet ( asting Speed (Ib. min.) with Ram Speeds (in. /min.) of 
(mm.) | 25 | 30 40 | 45 | 5-0 
175 | 9°75 11-5 13-0 | 14:75 | 16-25 
220 — 15-0 17-5 20-0 22-5 | 
|| «15-75 | 28-25 | 25-5 
295 =| 22-5 27-0 31-5 
* The table indicates the minimum rates at which metal must be filtered in 


casting billets of various diameters. 


for a larger filter area. This was in line with calculations 
of the metal requirements for the various diameter 
billets at different ram speeds (Table I). To provide the 
increase in area, a rectangular filter 6 * 4in. was 
rammed directly into a tapered container. It was found, 
as expected, that a better metal flow could be obtained 
if the filter was placed in a pool of molten metal in the 
reservoir, and the metal allowed to rise through the filter 
before filtration was begun. This method, however, 
gave variable results, even when using filters with the 
same oil rating. Radiographic examination of several 
directly rammed filters showed that the packing was not 
homogeneous. Consequently, a large filter box with 
three interconnecting compartments each capable of 
taking a 3j in. diameter filter was constructed. This was 
fitted with a screw valve which enabled the lower 
compartment to be flooded and the metal forced upwards 
through the filter before actual filtration was begun 
(Fig. 9). 

Fifty-four 295mm. and forty-four 175mm. ZW3 
billets were cast from melts filtered by means of the 
three-compartment filter box and compressed steel 
turnings filters. Radiographs of slices taken from top 
and bottom of the billets showed a marked improvement 
over unfiltered billets as regards freedom from particles 
(Figs. 10-12).* Figs. 13 and 14 are histograms comparing 
the percentages of filtered and unfiltered melts in each 
particle rating group, and show the improvement in 


® Por purposes of comparison the radiographs were assessed visually in arbitrary 
units, the significance of which is indicated by Figs. 10-12. 
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billet quality obtained by filtration. Figs. 10 and 11 are 
radiographs of slices taken from typical 175 mm. ZW3 
billets cast from filtered melts and unfiltered melts 
illustrating the improvement achieved by filtration. 
Fig. 12 illustrates the worst quality normally encountered 
in unfiltered material. Some of the used filters were 
extracted with dilute hydrochloric acid in order to 
recover the insoluble zirconium particles retained in the 
filters. These averaged about 25 g. per 100 Ib. of alloy. 


Practical Improvements to Filtration Apparatus 


The preparation and calibration of the compressed 
steel turnings filters proved a time-consuming operation, 
and an alternative filter medium, more uniform in size 
and shape and simpler to prepare, was clearly desirable. 
The requirements of mechanical strength and chemical 
inertness indicated metallic fragments. Preliminary 
tests on AZ31 had shown that steel shot of } in. diameter 
and over was unsuitable, but it was possible that frag- 
ments under 4 in. might be satisfactory. 

Eight 295mm. ZW3 billets were cast from melts 
filtered using a | in. layer of chilled iron shot* supported 
on perforated steel plate? as a filter medium, and were 
found to approach billets filtered using the compressed 
steel turnings filters in regard to freedom from particles. 
The use of chilled iron shot enabled the filter box to be 
modified, the three interconnecting compartments being 
replaced by a single rectangular compartment with a 
filter area of 40sq.in. A total of forty-four 295 mm. 
ZW3 billets cast from melts filtered using the rectangular 
filter box were then found to be satisfactory as regards 
freedom from particles. 

In a further series of melts with differing depths of 
filter bed, it was found that a depth of }-1 in. was gener- 
ally satisfactory, and that this could be increased to 
14 in. without seriously affecting the metal flow. With 
a depth of over 2 in. the rate of metal flow was markedly 
reduced and only the smaller diameter billets (up to 
220mm.) could be satisfactorily cast with 40 sq. in 
filter area. 


Mechanism of Filtration 


The photomicrographs show that the particles retained 
are much smaller than the pores of the filter medium, and 
from examination of sections cut through the compressed 
steel filters, it is evident that the particles are present as 
loosely settled layers in the filter channels (Fig. 6). This 
suggests that settlement under conditions of quiescent 
flow may be involved in the separation of the particles, 
coupled perhaps with some degree of coagulation brought 
about by close approach of particles in the narrow 
channels of the filter. 


* No. 8 grade supplied by Longhill Foundry, West Hartlepool. For size grading 
see Table LI. 

+ Mild steel sheet with 4 in. diameter perforations, supplied by Marsden and 
Bateson, Birmingham. 
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Fig. 10. (top)—Filtered melt (radiographic rating 2). 
Fig. 11. (middle)—-Typical unfiltered melt (radiographic rating 8). 
Fig. 12. (bottom)—-Unfiltered melt, representing the worst quality commonly encountered in unfiltered melts. (radio- 
graphic rating 12). 
40 
Figs. 10-12.—-Radiograph prints of 175 mm. diameter billet slices (}-1 in. 
thick )[in ZW3 alloy showing zirconium-rich particles (dark). Re 
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Figs. 13 and 14.--Histograms 
showing distribution of 
particle ratings for 295 mm. 
and 175 mm. billets cast from 
filtered and unfiltered melts. 
The shaded areas represent 
unfiltered melts. 
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TABLF Il.—SIZE GRADING OF NO. 8 CHILLED [RON SHOT. 


0-120 


ic i a 0-085 0-090 0-095 0-100 0-105 | 0-110 0-115 
<0-085 089 -)-094 —)-099 —)-104 | -~0-109 —-114 | —)-119 | —)-124 0-124 
Fraction (%) O-8 | 1-9 7:7 19-6 26-2 18-8 | 12-3 | 23 1-2 
Conclusions most practically satisfactory filter material. The size 


The insoluble particles in wrought magnesium alloys 
of aluminium and zirconium types can be substantially 
removed by a “ filtration” process. This can best be 
performed by passing the molten metal in a downward 
direction through a suitable filter bed maintained below 
the filtered metal level to prevent oxidation. Chilled 
iron shot 4—}in. diameter (No. 8 grade) appears the 


distribution of this grade is given in Table IT. 
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this r. 
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New Heavy Oxygen Cutting Rig 


A NEw heavy oxygen cutting rig for mild steel and 
steel castings up to 5 ft. thick has been developed by 
British Oxygen Gases, Ltd. It incorporates the com- 
pany’s latest nozzle mixing blowpipe using propane as 
the fuel gas. Apart from providing industry with a 
means of cutting greater thicknesses, the new equipment 
also improves the ease of cutting, safety, and quality 
of finish. The cutter is particularly suitable for removing 
risers from castings—the sizes of which are ever in- 
creasing—as well as for breaking up large forge hammers, 
ladle bottoms and other scrap material for re-melting 
or disposal. 

A particular example of the need for such equipment 
arose when a foundry had to remove two riser heads, 
each 61 in. thick. The finished casting forms the side 
member of a rolling mill housing. Although its finished 
weight is 160 tons, in the “ as cast ’’ condition it weighed 
225 tons and was too heavy for the foundry’s largest 
crane. The riser heads had to be cut off in the casting 
pit in a horizontal position and could be cut from one 
side only, an operation which had not previously been 
attempted but which, when carried out with the new 
cutter, took only 50 minutes for each riser. 

During 1959 British Oxygen Gases carried out 
development work at various steelworks in Yorkshire. 
The steel companies were most helpful in providing 
facilities for field testing and, with their co-operation, 
B.O.G. were able to make the trials necessary to prove 
the new design. A number of these cutting rigs have 
now been sold, one of the first being installed in the 
new and imposing foundry of Sulzer Bros. in Switzerland, 
and enquiries have been received from all parts of the 
world, including the U.S.S.R. and Japan. British 
Oxygen Gases’ development work continues to increase 
the depth of cutting still further. 


Large Continuous Caster 


Tue new four-strand continuous casting plant which 
Distington Engineering Co., Ltd., are to build and instal 
at Appleby-Frodingham Steel Co., Scunthorpe, will have 
the largest productive capacity in the world for a machine 
of its type. Equipped to cast four strands of 9 in. square 
blooms, the Distington machine will be designed to 
operate from 100 ton ladles of steel, with a weekly 
production capacity of 5,000 tons. It is scheduled to 
begin operations in December, 1961. 

Liquid steel will be poured from the ladle into a 


common tundish, with four stopper-controlled nozzles 
feeding direct into the copper moulds. After leaving the 
spray cooling chamber, the solidified blooms—withdrawn 
through pairs of withdrawal rolls—will be cut off vertically 
into 30 ft. lengths. These will be discharged at ground 
level by means of a discharge conveyor mechanism. The 
blooms will then be transferred to a new 32 in. reversing 
mill for rolling into billets to feed the new Appleby- 
Frodingham rod /bar mill, which will have a capacity of 
300,000 tons per annum of finished products. 

Although the continuous casting plant will be the first 
to be built by Distington, the personnel of the company’s 
continuous casting division have all been closely associ- 
ated with the pioneering work which United Steel has 
been carrying out on experimental machines over the 
past seven years. 


The Polarographic Society 


Tue Polarographic Society now has a permanent address 
for mail. Enquiries concerning the Society should be 
addressed to The Polarographic Society, c/o Lloyds 
Bank, Ltd., 36, High Street, Wealdstone, Middlesex. 


Steel Castings Research 
(Continued from page 14) 
Although no final conclusions can yet be drawn, it does 
not appear that there is any marked difference from 
ordinary sands. 

An assessment, of the collection efficiency of a wet 
scrubber on electric furnace fumes showed the figure to be 
no higher than 59°, during oxygen lancing, as compared 
with 75%, during melt-down. Similar performance was 
shown by a pilot plant dry type of collector in which the 
filtering bed consists of mineral grit. 


Non-Destructive Testing 


Work on the ultrasonic examination of steel castings, 
which is being carried out under contract from the War 
Office, has been concerned with an assessment of the 
sensitivity of the method for the detection of internal 
defects, and the variables studied have included the 
effects of composition, heat treatment, surface condition, 
and the frequency of the ultrasonic pulses. A comparison 
has been made between the sensitivity with normal 
surface applications of the probes and with immersion in 
water. The results have been very encouraging and it is 
thought that there is considerable scope for this method 
of non-destructive examination in many steel foundries. 
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Hot-formed Coil Spring Manufacture“ 


By R. Haynes, B.Sc., A.Inst.P., A.I.M. 


The purpose of this article is to survey modern hot-formed coil spring manufacture with 
reference to both good and bad practice, and to give as a whole, accepted up-to-date 


Initial Bar Stock 


HE starting point of the spring manufacturing 
process is the bar stock, and it is most important 
that material of the correct type and having 

a satisfactory surface finish should be obtained. Bar as 
received from the rolling mill is black owing to the 
existence of a thin adherent film of scale, which may 
conceal defects such as the flaw which resulted in the 
fatigue crack shown in Fig. 1, the decarburisation 


* Paper based on a lecture delivered to the Sheffield Trades Technical Society. 


+ Director of Research, Coil Spring Federation Research Organisation. 


Fig. 1 Flaw concealed by scale resulting in a fatigue crack. 


Fig. 3—Fatigue failure due to a seam in the original 
bar stock. x1 
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production methods. 


resulting in the fatigue crack in Fig. 2, and the seam 
which caused the failure shown in Fig. 3: a normal 
fatigue failure has the appearance seen in Fig. 4. All the 
defects referred to here can be removed by grinding, 
with the possible exception of deep seams, which can, 
however, be located by crack detection methods. Fig. 5 


shows the surface finish of a ground bar (note the scale- 
free surface). 

The concealment of surface defects by the presence of 
scale results in the re-roller refusing to guarantee black 
bar against surface defects, although clause 6a in B.S. 
24: 3B states that such defects should not be present. 
makers, therefore, when handling black bar, 


Spring 


Fig. 2 -Fatigue crack originating in a decar 


burised surface. x 


Fig. 4—Normal torsional fatigue failure with the origin of 


failure clearly discernible. re | 
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Fig. 5—-Surface finish of a ground bar. «10 


carry the risk of manufacturing springs from faulty 
material with the faults themselves becoming apparent 
at some late stage in the manufacturing process, such as 
pre-stressing, with all the resulting financial loss involved. 

Apart from surface finish the actual type of steel 
selected is important, particularly when the section of 
the spring bar is large, since the ideal final metallurgical 
condition is one with a tempered martensitic structure as 
shown in Fig. 6; note the dark needle-like form of the 
grains. Failure to harden fully to a reasonable depth 
will result in an unsatisfactory metallurgical condition 
such as the pearlitic structure shown in Fig. 7 ; note the 
lamellar pattern of carbide and free ferrite, which has a 
lower elastic limit and less toughness than the tempered 
martensite. A martensitic structure right to the centre is 
not essential for reliable performance of a material 
stressed in torsion, but if the steel can only be partially 
hardened there is grave risk of failure to harden at all if 
the quenching conditions are not good, so that a through 
hardening steel is desirable. 

The effect of the hardenability of various steels on the 
final hardness, and hence the tensile strength, across a 
section after quenching is shown in Figs. 8—10. The 
first (Fig. 8) shows the hardenability curves of carbon and 


Fig. 6 -Tempered martensitic structure. 
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TABLE I.—ANALYSIS OF THE FIVE STEELS WHOSE HARDENABILITY 
CURVES ARE SHOWN IN Figs. 8 and 9. 


P% Ni%| Cr% |Mo %| V% 


Steel Type | Cast No. , C% | Si% j|Mn%! 38% 

Ni-Cr-Mo | FLI4182 | 0-64) 0-20! 0-87) 0-013 | 0-014 | 0-69 | 0-58 | 0-20 | 
Cr-V HH5067 | 0-50) 0-41) 0-65) 0-012 0-018) 0-18) 1-01) 0-05 (0-18 
Carbon 35742 0-98 0-14 0-59) 0-039 0-028 | 0-07 0-05 
Si-Mn 36301 0-57 1-98 | 0-82) 0-012! 0-037 0-06 | 0-08 
Si-Mnispecial )| P66673 0-57) 1-78 | O-87 | 0-012) 0-031 | 0-20) 0-29 | 0-23 


chrome-vanadium spring steels compared with a low 
nickel-chromium-molybdenum steel of the SAE 8660 
type. It may be seen that the carbon steel is only 
satisfactory up to about | in. diameter, the chromium- 
vanadium up to about 1} in. diameter and the low 
nickel-chromium-molybdenum up to at least 2 in. 
diameter. Fig. 9 gives for comparison an ordinary and 
a special silico-manganese steel. The ordinary silico- 
manganese is satisfactory up to about 1} in. diameter, 
whilst the special silico-manganese is satisfactory up to at 
least 2in. diameter: the latter steel contains small 
additions of chromium and molybdenum. A silicon- 
chromium steel and SAE 5160 are shown in Fig. 10: 
as may be seen, these are satisfactory up to 2 in. section. 
The analyses of the first five steels are given in Table I. 

It should be noted that the hardenability characteris- 
tics shown have been determined on 6 in. long straight 
cylinders freely quenched. The results on large closely 
coiled springs with more restricted quenching would be 
less attractive, and this would have to be allowed for in 
practice when selecting the steel. 

The Coil Spring Federation Research Organisation is 
looking further into this matter of hardenability of 
spring steels, with special reference to influence on 
fatigue life, to enable Goodman type diagrams to be 
constructed which will assist the spring designer to 
design springs which will not fail in service due to fatigue. 


End Formation 


The first process normally carried out by the spring 
maker is the formation of the end of the bar. This con- 


sists of producing a taper at each end so that, when the 
spring is formed and the end coil brought into contact 
with its adjacent coil, there will not be a large amount of 
material to be removed during grinding in order to 
provide a flat base. 

The degree of heating of the end prior to forming is 
Overheating in its severest form, i.e. 


most important. 


Fig. 7—-Pearlitic structure. 
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CARBON SPRING STEEL 
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LOW Ni-Cr-Mo SPRING STEEL 
OlL- QUENCHED 850°C. 


CHROME -VANADIUM SPRING STEEL 
OW -QUENCHED 875°C 
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Fig. 8-—-Hardness traverse curves for bars of carbon, 
chromium vanadium and low nickel-chromium-molyb- 
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Fig. 9—Hardness traverse curves for bars of ordinary 

silico-manganese spring steel and a similar steel with 

small additions of nickel, chromium and molybdenum. 
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Fig. 10—-Hardness traverse curves for a silicon-chromium 
spring steel cormpared with SAE 5160. 


Fig. 11--Forming a flat on the end of a spring steel bar by 
rolling. 


burning, causes oxide formation at the grain boundaries 
near the surface, and this can result in breakage of the 
end coils during the pre-stressing operation. 

There are two techniques of forming widely used in the 
industry, viz: rolling and hammering. Rolling gives a 
better surface finish in that the taper is gradual, whereas 
hammering may give a stepped surface in the tapered 
end. The former process is demonstrated in Fig. 11. 

Whatever the method of tapering, it is important that 
the profile be correct. If the end of the taper is too thick 
there will be a large step at the end face which will result 
in an unduly uneven distribution of load bearing surface. 
If the end is too fine it might result in curling of the end 
of the spring during later manufacturing stages, or 
breakage of the end under load. 


Heating for Forming 


The time spent in heating for forming should be kept 
as short as possible compatible with giving the steel 
sufficient plasticity to permit coiling to take place. From 
this point of view it is more important to heat the outer 
surface layers to render them plastic than the core, it is 
therefore permissible for the latter to be at a lower 
temperature. However carefully the furnace atmosphere 
is controlled the steel will tend to decarburise unless the 
coiling temperature is kept as low as is practicable. 

The bars may be heated by alternative processes such 
as resistance or induction heating. The drawback to 
the former process lies in the difficulty in getting the ends 
of the bars sufficiently hot. Induction heating is attrac- 
tive in that it heats directly only the outer layers of the 
bar, which is what matters most for coiling. 

Sometimes direct quenching from the mandrel is 
carried out, in which case the heating conditions outlined 
above would be inadequate and the procedure outlined 
below under “ Heating for Quenching should be 
followed. Springs made from material that requires a 
high coiling temperature should, after coiling, be cooled 
through the transformation point and then reheated for 
quenching without necessarily cooling to room 
temperature. 

Forming and Setting-up 


During forming on the mandrel, it is important that 
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Fig. 12—-Typical quenching plant for heavy coil springs. 


the end points be bedded in to follow the coils of the 
spring. There may be a temptation to leave these jutting 
out and remove them later by grinding, thus producing 
a spear point with the tip of the point lying along the 
outer circumference of the spring. This causes a loss in 
bearing surface area and makes it more difficult to 
obtain a square seating for the spring. It is particularly 
bad practice when the end points are coincident, i.e. 
when the spring has a complete number of turns, as can 
happen when the design is restricted by space limitations. 

When laying the end taper of the bar onto its adjacent 
coil, it is important that the outer flat surface of the 
taper be in a plane parallel to the sectional axis ; if this 
condition is not obtained, it will be difficult to get a 
square seating subsequent to the grinding operation ; 
a loss of bearing surface will result with a consequent 
maldistribution of load. 

It is important to bear in mind that during the coiling 
process and subsequent setting-up heat is continually 
being lost, and speed of operation is therefore most 
important. It is not practicable to measure the tempera- 
ture of each spring, either during forming or after 
setting-up and prior to quenching, and because of this 
the actual quenching temperature is never known. A 
method of overcoming this drawback is to re-heat the 
spring to the correct quenching temperature and then 
quench directly from the furnace. However, this results 
in an extra stage and therefore an extra cost, and is also 
likely to lead to more decarburisation if the furnace 
atmosphere is not properly controlled and if scale is 
present on the spring. 

Setting-up is the process of opening a closely wound 
spring to give a spacing between the coils such that when 
the spring is finally compressed solid it will finish with 
the correct free height. Naturally it does not apply to 
springs formed on grooved mandrels. The selection of 
spring height at the forming operation in order to give a 


correct final free height can only be satisfactorily 
decided by experience. This is discussed further in the 
section dealing with prestressing. 


Heating for Quenching 


In this case the heating must be sufficient to raise the 
temperature of the material above its transformation 
points, and so provide a metallurgical structure appro- 
priate for quenching. At the same time it must not be so 
high as to cause grain growth. This is one respect in 
which silico-manganese and chromium-vanadium steels 
are advantageous, in that they are resistant to grain 
growth. Likewise, aluminium-killed carbon steels are 
suitable for springs where the section is not greater than 
about 4 in. Alloy steels such as SAE 8660 are usually 
grain controlled. 

It is essential to ensure that enough time be allowed 
for the spring to achieve the correct temperature, and in 
this respect both the thermal capacity of the furnace and 
the mass and distribution of the charge must be taken into 
account. Once all the material of the spring has attained 
the correct temperature it is sufficient to allow the spring 
to remain at this temperature for a few minutes in order 
that the desired metallurgical changes may take place. 

During this phase there is a danger of the surface of the 
steel becoming decarburised unless the furnace atmos- 
phere is carefully controlled. To exclude oxygen is not 
enough, since the presence of hydrogen in the form of 
water vapour may result in carbon removal in the form 
of methane. A normal gas fired furnace is not as effective 
as the smoky atmosphere produced by coal or creosote 
firing, but having consideration for smoke abatement 
requirements it is better to utilise partially burnt town’s 
gas in an electric furnace, having first cooled the burnt 
gas to remove the water vapour. Even in the perfect 
furnace atmosphere decarburisation may still take place 
if black bar is being treated, since the scale adherent to the 
steel will tend to remove carbon from the surface 
layers in the form of carbon monoxide and carbon 
dioxide. 

The behaviour of scale during the double heat treat- 
ment process has recently been examined in detail by 
the Coil Spring Federation Research Organisation, and it 
has been conclusively demonstrated that the scale formed 
during the first heating process and during coiling can 
be sufficient to decarburise the steel partially during the 
second heat treatment operation, and also to act as a 
thermal barrier during the quenching process, with the 
result that the ideal metallurgical structure is not 
obtained. Furthermore, this inferior structure together 
with the loss of surface carbon definitely lowers the 
fatigue life. 


Quenching and Tempering 


It is most important that the quenching be adequate. 
This requires a good quality quenching oil, agitation of 
the bath, and use of some form of cooling system for the 
oil. Lf agitation is not used, the oil will tend to vaporise 
on the skin of the spring and form a vapour barrier 
between the hot spring and the cold oil. This in turn 
will lead to a slack quench and possibly an unsatisfactory 
metallurgical structure of the steel. Good agitation will 
either prevent the vapour film from being formed or will 
remove it as soon as it is formed, so that the spring will 
maintain contact with the liquid oil and a rapid quench 
ensue. If a cooling system for the oil is not used, the 
temperature of the bath will tend to rise during the day 
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and this may be particularly serious in hot weather when 
the ambient temperature is high. In no case should the 
temperature of the oil be allowed to rise above 70° C., 
except in the case of some alloy steels, when higher 
temperatures may prove advantageous. 

An investigation is being carried out by the Coil 
Spring Federation Research Organisation into the 
efficacies of six different quenching oils, and also with 
certain additives to water which will enable oil quenching 
conditions to be simulated. These quenching media will 
be tested with a variety of spring steels. 

Sometimes hardening (i.e. quenching) cracks may 
occur when quenching from the mandrel. This is due to 
grain growth which occurs more rapidly at the higher 
temperatures required for this single heat treatment. 
There may be a temptation to overcome the problem by 
using a fine grained material such as an aluminium- 
killed steel. While this is permissible for springs of up 
to about } in. diameter section, it is to be discouraged 
for springs of larger section, since the fine grain structure 
will not have the hardenability desired. 

A further method of avoiding quenching cracks is to 
refrain from continuing the quench until the spring is 
cold, but to remove it from the oil when its temperature 
is about 150° C., and then to temper it immediately. 
Clearly, if this quenching procedure is followed it is no 
use placing the spring on one side to temper it later, nor 
to batch temper. 

When the spring first enters the oil, it has, by virtue of 
its high temperature, a very low mechanical strength and 
it may sag under its own weight. It is therefore im- 
portant that it be adequately supported prior to and 
during immersion in the oil. The cradle must therefore 
perform the dual function of keeping the spring straight, 
and not conducting too much heat from it, since this 
would lead to uneven cooling and hence buckling. 

Quite often the supporting arrangements in oil quench- 
ing tanks contain several cradles although the manu- 
facturing procedure can only supply one spring at a 
time. This may necessitate lifting a partially loaded 
rack clear of the oil, placing upon it a hot spring and 
lowering the assembly once more into the oil. There is 


Fig. 13—-Grinding the end coils of a heavy coil spring. 
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a risk that a spring on the rack may not be completely 
cooled prior to its temporary removal from the oil, i.e. 
it may still have a hot core which will tend to raise the 
surface temperature again and give a softened metal- 
lurgical structure. A typical quenching plant is shown 
in Fig. 12. 

Tempering is carried out to eliminate the quenching 
stresses and increase the toughness by allowing certain 
structural changes to take place within the steel. It is 
undertaken by heating the spring in the region of 400- 
500° C., according to the type of steel, for a period of 
15-20 minutes after the tempering temperature has been 
attained. It is important in this respect that both the 
capacity of the furnace and the size and distribution of 
its charge be allowed for. It may be seen from this that 
springs of small section should not be placed on the 
same tempering trays as those of large section since they 
will require different periods of time to attain the temper- 
ing temperature. At all costs the overloading of furnaces 
should be avoided, since some parts of the charge will 
then take longer to get to the correct temperature than 
others. This is of particular importance in the case of 
chrome-vanadium steel owing to its time-temperature 
tempering characteristic. 


Grinding 


A great deal could be said on this subject if one took 
into consideration the many types of grinding machines, 
wheel materials, peripheral speeds, and so on, but perhaps 
the main thing to emphasise is that care must be taken 
not to overheat the ends of the spring during the grinding 
operation, since grinding cracks are likely to occur due 
to the sudden heating and cooling of the end coil. This 
may prove to be more troublesome when piece rates are 
being worked and the machine operator is, naturally 
enough, interested in very high throughputs. Fig. 13 
shows a heavy spring being ground. 


Pre-stressing 


Compression treatment is necessary in order to pre- 
stress the steel. The effect is to strain the material in 
shear until the outer layers are moved beyond their elastic 
limit and plastic strain takes place. The core is not so 
highly stressed, however, and the strain in this instance 
remains below the elastic limit. When the spring is re- 
leased it returns partially to its original position by virtue 
of the elastic properties of the core, but is prevented from 
doing so fully owing to the plastic deformation that has 
taken place in the outer fibres. The net result is a stress 
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Fig. 15-—-Equipment for the pre-stressing of heavy coil 
springs on a production basis. 


distribution of the kind shown in Fig. 14 ; the important 
thing to note is that the torsional stress in the surface 
layers has been reversed. This has the advantage that 
it increases the apparent elastic limit of the material of 
the spring and at the same time prevents it from settling 
down in service if the structure and design are correct. 
Fig. 15 shows road vehicle suspension springs being 
pre-stressed. 

Owing to the plastic deformation which takes place 
during the compression operation there is a loss in free 
height. This means that the spring designer must take 
the treatment into account when designing the set-up 
height at the forming stage. There is no fundamental 
way of calculating this and as a result it is computed 
from empirical data. Fig. 16 shows two such curves 
for carbon and silico-manganese steel which have been 
compiled from experimental results. It can be seen that 
it is possible for any desired final stress to be read-off in 
terms of a set-up stress. It is important to note further 
that the curves are different for carbon and _silico- 
manganese steels, and will probably be different again 
for other spring steels. Such curves have to be used with 
care as the elastic properties of a steel will vary with its 
chemical analysis and final metallurgical structure. 


Shot-Peening 


It is a well established fact that shot-peening is highly 
advantageous from the point of view of improving 
fatigue life. The action of peening causes cold work of 
the surface and induces compressive stresses which act 
in opposition to the tensile component of stress created 
during flexing of the spring. The overall effect of the 
stress combination is to move the point of maximum 
stress from the surface of the spring, where it is normally 
concentrated, to a point a few thousandths of an inch 
below the surface. This is demonstrated diagram- 


matically for a flat beam in Fig. 17. Thus, with a shot 
peened spring, the actual surface condition becomes of 
secondary importance whilst the metallurgical structure or 
condition a few thousandths of an inch below the surface 
is now of prime consideration. 

The intensity of the peening operation has to be 
measured in order to ensure that all springs are receiving 
the correct treatment. The standard method of measure- 
ment is the Almen gauge, which consists of peening one 
side only of a thin steel strip whilst it is forcibly held flat. 
It is subsequently released and the arc rise measured. 
This rise is a function of the peening intensity and can be 
used to standardise processing conditions. There is 
some controversy over the reliability of this method, 
and fundamental research studies are being undertaken 
by the Coil Spring Federation Research Organisation in 
order to resolve the matter, and to compare the effective- 
ness of different types of shot, shot size, velocity and 
peening time. 

It is well known that in a helical spring the point of 
maximum stress is on the inside surface of the coils due 
to the curvature of the bar produced by forming. This 
excess stress increases with increase in the ratio of wire 
to coil diameters. This must be borne in mind when 
applying the peening treatment, as it is most important 
to peen this inner surface properly. Since the stream of 
shot is normally aimed from outside the coils the inner 
surfaces may be partially inaccessible to the shot 
particles, particularly in closely coiled springs.' In 
practice it is advisable to allow extra time of peening 
when the spring is closely coiled. The ideal plant is that 
in which there is a nozzle at the end of, and at right 
angles to, a long arm which can be slowly traversed 
along the central axis of the spring, thus giving maximum 
peening of the inside surface. 
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Fig. 16—Effect of pre-stressing on the final solid stress of 
a coil spring. 


METALLURGIA 


Fig. 17—-Diagram showing the residual stress distribution 
in a flat beam due to shot peening. 


Three types of shot are normally used, namely, 
chilled iron, steel shot and cut wire in that order of 
increasing cost. Chilled iron shot is cheapest, but 
breaks up very readily and has to be replaced once the 
broken fines amount to 5% of the total. Another 
disadvantage is the fact that the broken shot has sharp 
edges which tend to cut into the surface with a blasting 
rather than a peening action, thus inducing notches 
which act as stress raisers and become points of prema- 
ture failing during dynamic loading. A sample contain- 
ing broken shot is shown in Fig. 18. 

The roughness of the shot is sometimes a controversial 
point, since some research workers have found an 
improvement in fatigue life when using grit (as against 
shot) and certainly the phenomenon of peening was 
itself discovered from observations of the effect of grit 
blasting on fatigue life. However, beneficial effects 
when utilising grit are a function of the smoothness of 
the edges of the grit and the type and condition of the 
steel being treated. The only reliable course is to use not 
grit but shot that has no sharp edges. 

Steel shot is perhaps the most widely used material 
at present. It is dearer than the chilled iron, but has a 
much longer life. It is cheaper than cut wire, needs 
no initial preparation, but has a shorter life than this 
material. 

Cut wire, as its name implies, consists of small lengths 
which have been cut off spring steel wires. The length 
of wire cut off is approximately equal to the diameter so 
that the particle has a square section on its longitudinal 
axis. Because the product has very sharp edges, it 
cannot be used straight away for peening and has to be 
treated initially by bombarding scrap steel until the 
edges are worn smooth. By virtue of the hardness and 
durability of the cut wire, this pre-treatment can take 
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(b) 
Fig. 19 Cut wire shot at various stages in its life : (a) new, (b) after 200 hours use, (c) after 2,000 hours use. 


Fig. 18--Sample of shot containing broken particles. « 10 


many hours and is one of the main disadvantages from 
the spring maker’s point of view. To offset this, however, 
cut wire has a very long life and the amount of topping 
up required is more or less a function of leakage from the 
plant rather than from wear of the shot. 

Samples of cut wire taken at various stages in its life 
are shown in Fig. 19. The new material is seen on the 
left, whilst the centre and right hand picture illustrate 
the appearance after 200 and 2,000 hours use, respectively. 
The surface condition of a well peened spring is shown in 
Fig. 20. 

The main thing to bear in mind if one is to get a 
satisfactory peening action, whatever the type of shot, 
is to use as high a velocity as possible and a reasonable 
particle weight. In practice, with the types of plant 
available on the market, a satisfactory shot size is about 
0-030 in. diameter. A further important factor, if 
maximum benefit is to be derived from peening, is that 
the spring surface must be substantially free from de- 
carburisation, since it is not possible to induce such high 
compressive stresses in free ferrite or partially de- 
carburised structures. The safest procedure is always 
to use ground bar for springs if they are to be subsequently 
peened. 

Fatigue Life 

Most problems of spring usage relate to dynamic load- 

ing where the spring is being constantly flexed. It is 
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a well known fact that a metal so treated may fail 
through fatigue even though the maximum stress to 
which it is submitted is not only below its ultimate 
strength but also below its elastic limit. 

If there are any slight surface defects of any kind, in- 
cluding decarburisation, these may initiate a crack which 
will in turn ultimately cause failure. As the surface is the 
place of maximum stress, it is the region where failure is 
most likely to commence. There are two ways of over- 
coming this problem ; one is to ensure that all surface 
flaws are removed, as in the case of ground bars, and 
the second is to shot-peen the spring so that the point 
of maximum stress is moved to below the surface, 
when the condition of the structure below the surface 
becomes of prime importance and the surface condition 
becomes secondary. 

This second corrective treatment will prolong the life 
of the spring having certain surface defects, but in itself 
it will not counter all defects, and in fact a decarburised 
surface will prevent the full benefits of shot-peening 
from being obtained. 


Corrosion Protection 


This is an important requirement and one which is 
most usually met in heavy spring manufacture by 
oiling, phosphating or painting, or a combination of the 
last two. The satisfactory nature or otherwise of such 
treatments can be determined by examining a spring 
after it has been in use for some time in, for example, a 
road vehicle suspension unit or a railway wagon. 
Invariably, after a few years of use most traces of the 
coating have vanished and the metal will be corroded. 
This will lead eventually to corrosion pits and possibly 
fatigue failure. 

The recent development of coatings such as the epoxy 


Russian Welding Journal Translations 


Wuart is Russia’s attitude to welding’? Clearly the 
seven year plan points to an all-out drive to develop 
welding and mechanisation on an unprecedented scale : 
it is a limitless budget policy. This for example is what 
the Russians themselves write in a recent issue of 
Avtomaticheskaya Svarka : 

“The wide adoption of these methods (submerged 

are, resistance, electro-slag and gas shielded arc 

welding) is to be the basis on which mechanisation 
of welding processes in our national economy will 
be quadrupled between 1958 and 1965. Our country 
leads the rest of Europe in the use of mechanised 
welding methods, and we have outstripped the 

U.S.A. in the employment of submerged are and 

electro-slag welding.” 

In calling for a more widespread pooling of experience 
and information, the editorial board of that journal 
declares its intention to publish a series of articles on 
the problems relative to welding industry mechanisation 
and automation, which it is hoped will draw comment 
and suggestions (again to be published) from all in the 
Soviet Union concerned with welding. 

These, then, are the aims and the results of this 
intensive effort are published monthly, both in Avto- 
maticheskaya Svarka and Svarochnoe  Proizvodstvo. 
English cover-to-cover translations of these two journals 
published by B.W.R.A. under a scheme sponsored by 
the Department of Scientific and Industrial Research 


Fig. 20-—-The surface condition of a well peened spring. 


resins has opened up new fields, and the Coil Spring 
Federation Research Organisation has been examining 
the applicability of many of these to spring manufacture. 
The requirements are several and arduous: viz. good 
adhesion, abrasion resistance, flexibility, long fatigue 
life, impermeability and resistance to corrosive environ- 
ments. Nevertheless, some very promising coatings have 
been singled out which meet the requirements and further 
work on these and exploration of other possible coatings 
is being pursued. 
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are making these results known at home, in Japan, in 
the U.S.A., in Germany and in many other countries 
throughout the world. Under their English titles of 
Automatic Welding and ‘ Welding Production ” 
these two authoritative journals have much to offer at 
all welding levels and in all welding fields. They are 
available at an annual subscription of £10 10s. Od. and 
£5 5s. Od. respectively from the Publications Department, 
British Welding Research Association, Abington Hall, 
Cambridge. 


Wellman-Voest Contract 


UNDER a contract placed by John Lysaght’s Scunthorpe 
Works, Ltd., The Wellman Smith Owen Engineering 
Corporation, Ltd., in collaboration with Voest A.G. of 
Austria, are to undertake the design and supply of a 
complete L.D./A.C. oxygen steel-making installation at 
Scunthorpe, including full engineering services. The 
plant, which will include a 1,000-ton hot metal mixer, 
two 50 60-ton converters, cranes and handling machines, 
waste heat boilers, gas-cleaning plant, buildings and 
ancillary equipment, is designed initially for the pro- 
duction of 400,000 tons of ingots per annum, with pro- 
vision for extension to 800,000 tons per annum. The 
total value of this order exceeds £24 millions. This is 
the third contract placed since last November, when 
Wellman and Voest entered into an agreement for the 
design, supply and erection of L.D. plant in the U.K. 
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HE National Engineering Laboratory (formerly the 
Mechanical Engineering Research Laboratory) 
was set up by the Government in 1947 to serve 

the mechanical engineering industry by providing the 
scientific background necessary for continual improve- 
ment of its products. When the Laboratory was formed, 
it took over the work of the Engineering Division and 
part of the work of the Metrology Division of the 
National Physical Laboratory, and initiated research on 
other subjects. N.E.L. carries out an extensive pro- 
gramme of basic and applied research, complementary 
to that in industry, the universities and other research 
organisations, and, in addition, undertakes special 
investigations and tests by fee for industrial firms. It 
serves manufacturers and users of metal products and 
machines of all kinds, including fluid power and heat 
transfer equipment. 

N.E.L., one of the largest laboratories of the Depart- 
ment of Scientific and Industrial Research, occupies a 
70-acre site at East Kilbride a new town eight miles 
south-east of Glasgow, but the Lubrication and Wear 
Division is at present housed in temporary laboratories 
four miles away at Thorntonhall. The present staff 
totals some 550, of whom about half have scientific or 
technical qualifications, and includes mechanical and 
electrical engineers, physicists, metallurgists, chemists 
and mathematicians. 

The research programme and allocation of effort are 
decided by the Steering Committee, with the advice of 
six technical sub-committees comprising distinguished 
engineers and scientists from industry and the universi- 
ties, selected for their special knowledge and experience. 
Rather than spread the available effort over a large num- 
ber of projects, the Committee has decided to discard or 
defer a number of those which have appeared in earlier 
programmes, and to give priority to projects which are 
directed towards industrial problems. Three such pro- 
jects of particular importance are: investigations in 
the machine tool field ; the development of hydrostatic 
power transmissions ; and work on the cold extrusion 
of steel. At the same time, the Steering Committee is 
anxious that N.E.L. should look to the future develop- 
ment of industry, and should allocate a proportion of its 
time to research of a longer term nature, always, of course 
with practical objects in view. 

The establishment and maintenance of effective 
collaboration with industry is the greatest single problem 
facing the Laboratory. On one hand the Laboratory 
must seek to understand the requirements of industry 
and anticipate its needs. On the other hand, industry 
must be encouraged to see for itself what facilities and 
experience are available, and to ensure that the 
Laboratory is kept informed of urgent industrial prob- 
lems. The Steering Committee feels that whilst the 
facilities at N.E.L. are the most up-to-date of their kind 
in the world, they will be full effective only when in- 
dustrial firms make more direct use of them than at 
present. An opportunity of seeing the facilities and the 
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work in progress was provided by the recent Open Days, 
which were attended by more than 2,000 visitors. 
Reference is made in the following pages to a number of 
items selected as likely to be of interest to readers, 


THE FORMING OF MATERIALS 


The manufacture of almost all metal articles involves 
plastic (permanent) deformation of the material. Most 
metalworking processes developed largely by trial and 
error based on earlier production experience, often with 
little understanding of their mechanism, Systematic 
investigations are being carried out to provide a better 
understanding of the mechanism of plastic deformation 
so that economies in plant design and more efficient 
operation may be achieved. 

Production processes fall into two groups : formation 
processes, where the metal is squeezed into the required 
shape ; and processes, such as turning and milling, where 
unwanted metal is removed. Both types of process are 
being investigated with ferrous and non-ferrous metals 
to determine the nature and relative importance of the 
factors which govern plastic deformation in them. 


Cold Extrusion of Steel 


The production of pins, cartridge cases, shells and 
other hollow components by extrusion from an unheated 
steel billet is carried out on an appreciable scale in 
Germany and the U.S.A., but very little use has been 
made of this process in Britain, partly because so little 
detailed information is available. The cold extrusion 
process offers a high production rate, a product with a 
good surface finish and consistent dimensions, and 
substantially improved mechanical properties as a 
result of cold working: in addition, the use of this 
process in place of machining gives a substantial saving 
in materiai. 

An experimental study of the cold extrusion of steel 
has been carried out to provide a better understanding 
of the process and its limitations ; data are now available 
to help firms in the design of tooling and the selection of 
the best material and extrusion conditions for particular 
products, 

The investigation has been concerned with the effect 
of the process variables on the extrusion pressure, the 
flow of the metal and the properties of the product : the 
process variables studied include extrusion ratio (the 
ratio of the cross-sectional area of the billet to that of the 
product), ram speed at impact, lubrication, shape of die 
and punch, and the length-to-diameter ratio of the billet. 
Most of the work has been done with a 0-15°% carbon 
steel but the pressures required for the extrusion of 
thirteen types of carbon and alloy steel over a range of 
reductions have also been determined. Annealed billets 
of | in. diameter were used ; after phosphating, they were 
lubricated with a metallic soap or molybdenum disul- 
phide. 

The tests were carried out in a 150 ton crank press 
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which has a variable stroke from 3 to 12 in.; speed can 
be varied from 10 to 60r.p.m., giving ram impact 
speeds ranging from 2 to 16in./sec. Ram stroke and 
extrusion load were recorded continuously throughout 
the extrusion operation and various types of gridded 
billet were used to study metal flow. 

All the steels investigated could be extruded, the 
reduction obtainable being limited only by the maximum 
permissible stresses in the tooling. These restricted the 
extrusion ratio to 6} for steels containing up to 0-25%, 
carbon and for a 3°, nickel steel, to 4 for a 3°, chromium 
steel, and to 3 for a 1% carbon steel. The carbon steels 
were found to work-harden more than the alloy steels, 
and the extrusion pressure increased with increasing 
carbon, manganese, silicon and molybdenum content. 

The investigation has shown that, for a given extru- 
sion ratio, the extrusion pressure is about the same for the 
forward extrusion of rods and tubes, but is lower for the 
backward extrusion of cans. The stress on the punch 
when extruding cans (and on the die when forming rods 
and tubes) varies with the degree of reduction and has 
been found to be a minimum for an extrusion ratio of 
about 2, the exact value depending on the type of steel. 

The effect of the shape of the die entry has also been 
studied. With a conical-entry die, decrease in the cone 
angle reduced the maximum extrusion pressure and re- 
duced the rate of build-up of pressure, due to the billet 
filling the die cavity before the rod or tube was ex- 
truded ; decrease of the cone angle below 60° did not 
produce any further reduction in maximum pressure. 
The effect of radiused-entry dies on the maximum ex- 
trusion pressure was similar but less marked, a die with 
an entry radius of 0-25in. having a pressure ‘stroke 
characteristic similar to that of a die with a 120° cone 
entry. With good lubrication the surface finish of a 
product extruded through a sharp-edged die is better than 
the product from a conical-entry die, which tends to 
retain the finish of the billet. 

In the extrusion of cans, a punch with a flat-nose 
profile having an edge radius of 0-05 in. gave slightly 
lower maximum extrusion pressures than a punch with a 
nose profile having a | in. radius chamfer. 

As the ram impact speed increased, the diameter of the 
product extruded from the same sharp-edged die was 
found to fall. For example, when extruding rod of 
}in. nominal diameter, the product was 0-007 in. 
undersize at a ram speed of 2in./sec. and 0-010 in. 
undersize at a speed of I6in./sec.; more accurate 
products were obtained by using conical-entry dies. 
Within the range of ram speeds investigated (2 to 16 in. 
sec.) speed had little effect on the maximum value of 
extrusion pressure, the pressure ‘stroke characteristic, or 
the hardness over the cross-section of the product. 

Further work on several aspects of the cold extrusion 
of steel is to be carried out, particularly the effect of 
higher rams speeds and different ram-displacement time 
characteristics. It is also hoped to study the effect of 
the process variables on the rise in temperature in the 
billet and product caused by the conversion of the work 
of deformation into heat. 


Cold Closed Die Forging 


In the forging process metal is compressed between 
dies to produce an item of the required shape or to give it 
improved mechanical properties. It may be subjected 
to unrestricted flow between parallel platens as in 
upsetting, to partially restricted flow within semi-closed 


dies as in fullering, or to fully restricted flow within 
closed dies as in the production of complicated forms. 

Forging has been regarded as an essentially hot 
working process. This was partly due to the limited 
capacities of the early presses which necessitated the 
heating of material to lower its resistance to deformation 
and thus permit the forging of sizeable products. The 
tradition of hot working has persisted, even to the 
forging of those components which from metallurgical 
and size considerations could be deformed satisfactorily 
at room temperature. 

Hot working introduces many complications quite 
apart from the financial considerations of heating the 
material. The presence of scale affects both heat transfer 
and friction conditions ; the consequences of the latter 
being particularly serious in the closed die forging of thin 
sections, In attempting more precise forms an allowance 
has still to be made on dimensions to accommodate ther- 
mal contraction on cooling, the amount depending on the 
complexity of the part, draft angles have to be sufficient 
to allow the product to be ejected easily and hollow cores 
are normally avoided. All this necessitates additional 
machining and a greater wastage of metal which, added 
to the weight of metal already lost in flash, is of con- 
siderable economic significance. 


Cold forging techniques offer scope for improved metal 
utilisation by manufacture of more accurate products, 
coupled with the possibility of enhanced mechanical 
properties of the material due to cold work. The forging 
industry has little background experience of this new 
technique and the work at N.E.L. is aimed at providing 
the basic data necessary to implement the process. 

Tests are being conducted to determine how simple 
cylindrical specimens in a range of metals deform to 
fill conical and pyramidal cavities in dies during press 
forging. Deformation patterns corresponding to dif- 
ferent stages in the filling of the die cavity are obtained 
by means of split and gridded specimens. The volume 
of material displaced laterally and axially within the 
die cavity is being determined throughout the deforma- 
tion process. The results obtained for the compression 
of a cylindrical specimen of 1 in. diameter and 0-563 in. 
high within a conical cavity of 90° including angle suggest 
that in the early stages of compression metal flows 
axially rather than laterally, this is followed by an 
intermediate stage when the flow laterally is greater than 
that axially, and the final stage where the flow is again 
almost entirely axial. 

The loads and energies required to deform the speci- 
men have also been determined at stages throughout 
the filling of the cavity. There is a marked increase in 
load required during the final stages of filling, depending 
on the relative shapes of the initial specimen and the 
cavity. The effect of specimen geometry and die 
geometry is being studied in some detail and the effect 
of flash on the forging load ascertained. 

In the manufacture of a number of components it 
will be necessary to produce an off-set or flange by an 
upsetting operation or a change of profile by a cold 
heading operation, both between closed dies. The 
machining requirement will normally be a minimum 
when the draft angle is zero but it may not always be 
possible to eject the components under such conditions. 
A study is being made of the effect of small draft anglse 
on the press loads required to compress simple specimens 
to fill the die and to eject the forged component. 
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Cylindrical specimens in a range of metals are being 
compressed into a cylindrical cavity with draft angles 
ranging from 0° to 9°. The press loads required to fill 
the cavity and to eject the forged component are 
measured. 


Under High Hydrostatic 
Pressure 


Forming Materials 


Ir metal working processes such as extrusion, rolling 
and wire drawing, deformation occurs under a large 
component of hydrostatic stress. Extrusion is probably 
the best example of a process in which the metal may be 
given, without fracture, very great reduction in area. 
This reduction indicates a ductility much greater than 
that shown by a standard tensile test, and suggests that 
the large component of hydrostatic stress built up in the 
extrusion billet enables large strains to take place with- 
out fracture. 

This effect has been confirmed by carrying out mechani- 
cal tests, e.g. tensile tests, on metals in a pressurised 
fluid. These experiments showed that for most metals a 
gradual increase in ductility, ie., strain to fracture, 
occurs with an increase in the ambient hydrostatic 
pressure. In the case of zinc, however, a marked and 
sudden change in dutility takes place over a narrow 
pressure range. 

Further confirmation has been obtained by a series of 
tests in the conventional extrusion process. The 
hydrostatic component of stress in the billet during 
extrusion increases with the extrusion ratio and tests 
were carried out on magnesium to determine whether 
the cracking of the product, which occurs at low e.- 
trusion ratios, could be eliminated by increasing the 
extrusion ratio and thereby increasing the hydrostatic 
component of stress. It was found that at an extrusion 
ratio of 4 (extrusion pressure 33 tons sq. in.) the metal 
emerged through the die in badly cracked sections and 
exhibited very brittle behaviour. As the extrusion ratio 
was increased there was a gradual reduction in cracking 
until, at an extrusion ratio of 16 (extrusion pressure 60 
tons /sq. in.), cracking was almost completely eliminated. 

In view of the above effects and of the fact that 
there are many brittle materials which cannot be satis- 
factorily extruded in the conventional manner, an 
experimental study has been made of the extrusion of 
some such materials in a pressurised fluid. 

Materials such as magnesium and bismuth have 
lattice structures which severely limit their capacity for 
cold work, particularly in the cast state. Results have 
indicated that, for magnesium and bismuth, a super- 
imposed hydrostatic pressure of 2 to 3 tons ‘sq. in. may be 
adequate to suppress brittle behaviour of these metals 
at low extrusion ratios. Some experiments with 60 40 
brass are also encouraging, but much higher hydrostatic 
pressures may be required to produce satisfactory ex- 
trusions. 

It is hoped to develop these techniques to the stage 
where high-pressure forming can be used industrially. 
One important application would be the manufacture of 
nuclear fuel element cans. These can be produced by 
hot forming magnesium alloys, but improved mechanical 
properties obtained with cold forming operations would 
be of considerable practical importance. The possibility 
of extruding cans of pure beryllium is also attractive, 
since beryllium is a notoriously difficult and dangerous 
material to work using conventional machining processes. 
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300-ton press for studying the effect of high 
hydrostatic pressure on the plastic properties of 
materials. 


A study of the properties of metal which had been 
extruded under superimposed hydrostatic pressure, was 
restricted by the small scale of operation that was pos- 
sible since the extrusion apparatus fitted into a 1} in. 
bore high-pressure container and the extrusion slugs were 
only in. diameter. Increased press capacity is now 
available and larger scale work using a high-pressure con- 
tainer of 3 in. bore and extrusion slugs | in. in diameter 
will be carried out. This will permit lengths up to 12 in. 
of rod and tube to be extruded and subsequently tested. 


A parallel investigation is being carried out into the 
extrusion of metals by fluid pressure. By this method 
the slug to be extruded is only in contact with the die 
face, elsewhere it is surrounded by a reservoir of fluid. 
The fluid is pressurised and the metal is extruded 
through the die into atmospheric pressure. This process 
eliminates friction at the container wall and provides a 
large source of high-pressure fluid for lubricating the die 
face, thereby minimising die friction also. The effect 
may be to reduce considerably the extrusion pressure 
required. This is of particular interest in the cold ex- 
trusion of high-strength metals and may permit higher 
reductions within the safe working stress range of the 
tools. 


PROPERTIES OF MATERIALS 


To make the best use of engineering materials, 
designers must know how they will behave under the 
stresses to which they will be subjected in service. The 
stresses may be caused by steady, repeated, or shock 
loads ; they may be simple or complex ; and they may 
occur at atmospheric temperature or at high or low 
temperatures. 

Since most of the service failures of engineering 
components are the result of repeated loading, particular 
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attention is paid by the Materials Division to basic and 
applied investigations of the fatigue of metals. The 
work ranges from fundamental physical studies of the 
mechanism of fatigue to investigations of the strength of 
components such as pin joints 

Another important part of the work is concerned with 
creep—the slow elongation of metals under steady load 
at high temperatures. Research on creep under complex 
stress systems is being carried out to provide basic data on 
the behaviour of typical engineering materials under 
these conditions. Investigations of creep under simple 
stress systems have formed part of the Laboratory’s 
research programme for many years but, because of short- 
age of space the work has been carried out at the N.P.L. 
Work has now started on the construction of a new 
laboratory which will permit the much needed expansion 
of research on high temperature materials. 

The formation of the Creep Information Centre was 
announced last June, its purpose being to correlate data 
from various sources on the properties of materials at 
high temperatures, and to make the results readily 
available to British industry. 


Growth of Fatigue Cracks 


In certain components and structures it may be 
inevitable that small fatigue cracks will form at low 
alternating stresses. Such cracks are initiated at geo- 
metric stress raisers (sharp corners, notches, rivet holes, 
ete.), inclusions in welded joints, or may be a consequence 
of fretting. In some cases the use of sophisticated in- 
spection techniques has resulted in cracks being detected 
in components which had previously been assumed un- 
cracked. 

The rate of growth of the crack will depend on the 
material and the imposed working loads and it may be 
very slow. Thus, although cracks may form very quickly, 
the component or structure may still have a long useful 
service life before the cracks reach such a size that 
catastrophic failure occurs. A knowledge of the stresses 
required to cause such cracks to grow and their subse- 


N.E.L. combined-stress machine for research on the plastic 
properties of materials. 


quent rate of growth, together with an adequate inspec- 
tion procedure, is necessary for an efficient design 
involving the most economical use of material. 

To study this problem at N.E.L., tests have been 
carried out using sheet specimens, in which a crack is 
initiated by introducing a small central slit about } in. 
overall length. The specimen is then subjected to a 
loading cycle such that the loading is never compressive. 
The stresses required to cause cracks to grow are low, for 
example, for mild steel 5 + 1} tons/sq. in. or for a 44% Cu 
aluminium alloy 2 + } tons /sq. in. will cause cracks to 
grow across a 10 in. wide specimen in about 107 cycles. 

The rate of growth depends on both the fracture 
mechanism of the material at the crack tip and on the 
crack-length /sheet-width ratio. It has been shown that 
f ithis latter ratio is less than } the crack can be considered 
as growing in an infinitely wide sheet. For larger ratios, 
the stress and strain distributions at the crack tip are 
no longer independent of this ratio. Analysis of the 
experimental results of a series of tests on 10 in. wide 
specimens of various materials showed that for overall 
crack lengths up to 1} in. the rate of growth was given 
by : 

dl 
dN 
millions of stress cycles 
nominal alternating stress based on gross 


where N = 


oOo 
area 
1 = erack length 
and N, = constant depending on material and mean 


stress. 


No correlation was obtained between a material's ability 
to withstand fatigue crack growth and any other mechani- 
cal property or with the plain fatigue strength. 

It is important to note that extrapolation of the rate of 
growth to crack lengths longer than actually studied may 
be dangerous, as the mode of fracture at the crack tip 
may change as the crack grows. For example, at a 
certain crack length brittle fracture or fast cyclic tearing 
may occur. Consequently, from a design aspect, the 
ability to withstand both static and cyclic fast fracture 
conditions up to specific crack lengths is a necessary 
condition. In general, materials having a low static 
ductility should be avoided on account of fast cyclic and 
brittle fracture, but high static ductility does not 
necessarily imply good resistance to fatigue crack growth. 
The crack lengths at which fast cyclic fracture occurs 
are being studied by using wider specimens (viz. 30 in. 
wide). In addition the effect of sheet thickness is being 
studied. 

Present work has been restricted to measurements of 
crack growth under constant stress cycles. In practice 
the applied cyclic loads may vary either in a regular or 
random manner. The problem of crack growth under 
such varying stress cyclic amplitudes is to be studied, 


Effect of Fretting on Fatigue Strength 


Fretting is a form of damage occurring between mating 
surfaces which have small oscillatory movement relative 
to each other. Even nominally flat metal surfaces only 
make true contact at a number of small high-spots, at 
which severe local deformation is brought about by 
relative displacement. Under oscillatory conditions, 
shallow surface fatigue cracks and loose metal particles 
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are produced. If the body of the metal is subjected to 
fatigue stress, large cracks may propagate from regions 
of surface damage and cause failure of the part at nominal 
stresses much lower than would be required to cause 
failure in the absence of fretting. In the presence of air, 
the metallic debris is rapidly oxidised to give abrasive 
material which is largely responsible for fretting wear. 
It is, however, in the initial stage, when metal-to-metal 
contact is greatest, that the main fatigue damage occurs. 

The investigation in Materials Division has been 
concerned with the basic nature of this fretting-fatigue 
damage. The work has been carried out largely on a 
duralumin-type alloy, B.S. L65, but has also included a 
mild steel and a high tensile steel En 26. A method has 
been devised of fretting the surface of a specimen under 
controlled conditions while the specimen is subjected to 
simultaneous fatigue stressing. 

For the aluminium alloy, it has been found that, under 
low contact pressure (} ton ‘sq. in.), the range of surface 
fretting movement required to produce maximum fatigue 
damage is only about 0-0003 in. Further increase in 
the range of movement causes no further reduction in 
fatigue strength. Under tensile mean stress in the 
specimen, fatigue failure will occur at less than } of the 
alternating stress at which it will occur in the absence of 
fretting, and, under zero mean stress, at about ; of that 
alternating stress. 

Under high contact pressures, fretting is suppressed, 
except at the edges of the contact areas ; the reduction 
in fatigue strength then obtained depends on the 
tangential force between the surfaces. If this force is 
low, the reduction in fatigue strength is small, but if it is 
high enough to cause substantial rupture of the adhesion 
between the mating surfaces, severe fatigue damage 
results. 

The greatest reductions in fatigue strength are brought 
about by fretting which does not produce much abrasive 
wear. From the point of view of inspection, this means 
that apparently slight fretting damage must nevertheless 
be regarded as a potential source of fatigue failure, 
especially in aluminium alloys. 
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Measuring strain distribution in a large sheet in a 60-ton fatigue 


(the rate of growth 
of fatigue cracks in 10 in. wide sheets is being 
measured) 


20-ton fatigue machine 


Under various fretting conditions, it has been found 
that the surface fatigue damage is, in general, fully 
developed after about | of the total fatigue life. Signifi- 
cant fatigue damage can, however, occur much earlier 
than this, e.g., in the aluminium alloy such damage has 
been found after only 4,000 fretting cycles under a 
contact pressure of } ton sq. in. and a relative surface 
movement of 0-00035 in. Paradoxically, it appears to 
be more difficult to propagate a large fatigue crack from 
the surface damage caused by only a few thousand cycles 
of fretting when the fretting is applied with the specimen 
under tensile mean stress than when it is applied with the 
specimen under zero mean stress. 

The early damage, due to fretting, has been shown to 
take the form of shallow cracks inclined to the surface. 
The pitting occurring in fretted areas seems to be due 
largely to coalescence of these surface cracks; the 
geometrical notch effect of these pits is not considered 
to be a primary cause of the development of major fatigue 
cracks. 

In a vacuum, both the onset of surface damage and the 
propagation of major fatigue cracks are delayed. The 
more rapid development of damage in air is evidently 
due to an auxiliary corrosion-fatigue effect. 

In the mild steel, the surface cracks, due to fretting, do 
not propagate nearly so readily as in the aluminium alloy ; 
mild steel appears to be relatively insensitive to fretting- 
fatigue damage except at high contact pressures. The 
fretting-fatigue strength of the high tensile steel is only 
of the same order as that of the mild steel. Under certain 
conditions it may even be lower than that of the mild 
steel, 

Further work will include investigations of the effect 
of atmosphere and of various methods of reducing 
fretting-fatigue damage. 
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Fatigue Strength of Pin Joints 


The joint formed by connecting fork and tongue 
members by a transverse pin is the basis for many 
engineering connections, such as bolted and riveted 
joints, as well as being a widely used joint in its simple 
form. Under fatigue conditions such a joint has long 
been known to have a very low strength, resulting in 
inefficient use of material. A tongue of aluminium alloy 
L 65 of cross section 2} in. x } in. loaded through a steel 
pin ? in. diameter which was a sliding fit in a reamed 
hole, had a fluctuating load carrying capacity of only 
about 1 ton for a life of 10 million cycles. 

Research into methods of improving the strength of 
such joints has shown that by having a sufficiently high 
interference fit between the pin and tongue, and using a 
larger pin than is suggested by elastic stress analysis, it is 
possible to increase the fluctuating load carrying capacity 
by a factor of 8 or more at 10 million cycles. 

Interferences of 0-008 in./in. of diameter require 
several tons to assemble, and this is frequently im- 
practicable for assembly purposes, and also results in a 
permanent joint that cannot easily be dismounted for 
maintenance or repair. Interference fit bushes, making 
due allowance for the compressibility of the bush, can 
however be pressed in prior to assembly with clearance 
fit pins. Such assemblies give strengths comparable with 
those having solid pins and similar interferences. 


Fatigue Testing of Large Components 


A novel technique has been developed to enable 
rotating-bending tests to be simulated without any 
rotating parts; it has been developed particularly for 
fatigue tests on railway axles. The wheel-and-axle 
assembly is excited in bending at its fundamental reso- 
nant frequency by two electro-magnetic vibration- 
generators, displaced mechanically 90° to each other. 
These vibrators are fed by currents with a 90° relative 
phase-shift, and a rotating-bending force is therefore 
obtained. 

A capacitance pick-up in a regenerative loop maintains 
oscillations exactly at the resonant frequency of the 
wheel-and-axle assembly. This frequency drops when a 
crack appears and this may be used to stop the test 
automatically. A more sensitive automatic cut-out 
monitors the current in the vibrators; a drop in the 
amplification factor of the system when a fatigue crack 
grows lowers the vibrator impedance and causes the 
current to increase when the vibrator is energised from a 
constant-voltage source. This constant-voltage source 
results from the stabilising of the amplitude of oscillation 
by diode limiters. The frequency of vibrations and axle 
strains are monitored throughout the test and an electro- 
nic counter records the total stress reversals to failure. 


High-Temperature Fatigue 


The high-temperature fatigue section is concerned with 
testing materials under fatigue loading at temperatures 
above room temperature. The main part of the work is at 
present being carried out on materials of interest to the 
aircraft industry. 

Specimens of Nimonic 90 material, both solid and with 
longitudinal holes, are being tested in direct stress in 
Haigh machines at 850° and 900° C. It appears that the 
reduction in strength due to the presence of the holes is 
dependent on the method of forming the holes, whether 


in the sintering or extrusion processes, or by drilling or 
spark machining. 

The fatigue properties of brazed joints in Nimonic 90 
at 800° C. are being determined in tests with a limited 
number of brazing alloys. These tests are also being 
carried out in direct stress in Haigh machines. 

The fatigue properties of three titanium alloys are 
being determined in Rolls-Royce rotating bending fatigue 
machines at room temperature, 300°C. and 400°C. 
The specimens are both plain and notched. Tests on the 
plain specimens have been completed and it is proposed 
to run some larger rotating bending fatigue specimens for 
comparison. Work is proceeding on the notched specimens. 

Tests have just been completed on plain and notched 
specimens of a high strength steel (Bace 165) at room 
temperature and 250° C. with a fluctuating direct tension 
stress of P + P within a range of 10* to 10° cycles. These 
tests were carried out in an Amsler Vibrophore. There 
would appear to be a large drop in stress between plain 
and notched specimens at both temperatures. For the 
notched specimens the difference in temperature appears 
to have had little effect on the strength of the steel but 
there appears to have been a definite drop in strength at 
250° C. in the plain specimens. 

Work has been started on investigating the influence of 
changes in temperature on the pattern of fatigue results. 


Creep Behaviour of Engineering Materials 

Mechanics of Creep 

The experimental work on the creep behaviour of 
typical engineering materials includes investigations of 
creep under complex stress systems with both simple 
and general loading conditions at elevated temperatures ; 
relaxation under complex stress systems at elevated 
temperatures ; creep to fracture under complex stress 
systems with and without the addition of fatigue causing 
stresses ; and creep of model structures. In addition, the 
nature of creep at very low stresses is being examined. 
Data from all this work is being used in analytical 
approaches to the determination of the stresses and 
displacements, as functions of time, of typical machine 
elements or structures subjected to externally imposed 
systems of loading, or displacements under conditions 
where creep arises. 

Creep under Complex Stress Systems at Elevated 

Temperatures 

Creep or time-dependent plastic flow, occurs under 
complex stress conditions at elevated temperatures in 
many components of power plant. For adequate design 
of such components, knowledge is required of the rela- 
tions between creep rate, creep strain, stress, time, and 
temperature under complex stress systems. The object 
of this part of the work at N.E.L. is to establish these 
relations. 

At the present stage of the work the creep characteris- 
tics of typical engineering metallic alloys have been 
examined under 

(a) simple-loading complex-stress systems ; 

(b) generalised-loading complex-stress systems, the 
stress systems being altered at various stages of the 
creep tests ; 

(c) relaxation conditions in which the total strain is 
maintained constant, the complex stresses being 
continuously reduced to satisfy this condition whilst 
their original ratio is maintained ; and 
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(d) stress conditions leading to complex-stress creep 
fracture. The effect on complex-stress creep 
fracture under a given stress system of previous 
periods at higher stress levels, and also the effect 
of vibratory stresses causing fatigue, are being 
examined. 


Creep of Structures 

To achieve economic design of structures which have 
to operate at elevated temperatures, it is necessary to 
recognise that in certain circumstances, some degree of 
creep strain must be allowed to occur. Because of the 
generally complicated stressing occurring in such struc- 
tures there are uncertainties in the application of 
experimentally derived relationships of creep strain, 
creep rate, stress and time. To resolve such difficulties, 
tests on model structures are helpful. The present 
investigation seeks to establish the bases of the behaviour 
of structures under such conditions by means of tests on 
relatively simple, but representative structural elements. 
In this work a magnesium alloy is being used ; at room 
temperature it simulates the creep behaviour of many 
metals at high temperature and shows little or no time 
independent plastic strain within the creep range of stress 
being used. 

Creep at Low Rates of Strain 

The torsion-creep characteristics of a group of engineer- 
ing metallic alloys are being examined at creep rates of 
the order of 10° to 10°* per hour, i.e. within the range 
of micro-creep.”” 


Creep Information Centre 


The Creep Information Centre has been set up at 
N.E.L. so that data on the strength properties of 
engineering materials at elevated temperatures may be 
made readily available to industry from one source. It 
is hoped that all producers of high-temperature materials 
and users of these materials will pool their information. 
Commercial security may restrict the publication of some 
of the data, but, subject to this consideration, it is 
intended to issue high-temperature data for British 
materials in an agreed form. 

In the first place all the available data on creep and 
rupture properties of conventional high-temperature 
materials are being collected and tabulated. Later it is 
intended to include data on all mechanical properties of 
of these materials and also information about test pro- 
cedures and testing machines ; data on foreign materials 
may also be included. 

It will be some time before the scheme becomes fully 
effective but it is hoped that eventually C.L.C. will become 
the national centre for data on the mechanical properties 
of British and foreign high-temperature materials and 
test methods. 

It is intended that the Centre will perform some of the 
following functions : 

(1) High-Temperature Materials 

(a) To collect experimental data on creep and 
and other mechanical properties (including high 
temperature fatigue properties) of high-tempera- 
ture materials in the form of original curves and 
laboratory reports, published papers, catalogues 
and trade literature. 

(6) To tabulate these data and make them avail- 
able to industry. 
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(c) To collect British and foreign specifications 
for standard high-temperature materials. 


(2) Equipment and Test Procedures 
(a) To collect details of British and foreign 
testing machines for high-temperature work, and 
information about test procedures. 
(6) To produce lists of references on particular 
aspects of high-temperature testing and mechani- 
cal properties. 
(c) To prepare a manual on the testing of high- 
temperature materials. 
(d) To organise discussions on high-temperature 
test procedures. 

(3) Liaison with Other Organisations 
(a) To maintain contact with all committees in 
the U.K. concerned with high-temperature 
materials. 
(6) To maintain contact with all British high- 
temperature laboratories through a_ technical 
liaison officer, with a view to co-ordinating the 
development of testing equipment and techniques. 
(c) To prepare a summary of the major projects 
and test programmes of British high-temperature 
laboratories. 
(d) To make contact with oversea organisations 
so as to foster international co-operation in 
investigating problems relating to the use of 
engineering materials at high temperatures. 


(4) Museum of High-Temperature Failures 


(a) To collect samples (with case histories) of 
failures of high-temperature materials from 
industry and other organisations. 


Society of Furnace Builders 

At the annual general meeting of the Society of Furnace 
Builders, which enjoys the membership of some twenty- 
one of the leading furnace builders in G.B., Mr. H. 
Southern retired from the chairmanship of the Society 
after serving it with distinction for sixteen years. Mr, 
Southern, who is managing director of G. P. Wincott, 
Ltd., Sheffield, has, during his period of office, done 
much to consolidate the furnace industry, thus enabling 
it to speak with one voice on Governmental and trade 
association matters. 

On behalf of the industry he negotiated with the 
Government on the disposal of surplus furnaces at the 
end of the war in 1945; on the export of industrial 
furnaces in the national effort of 1947; and on the 
shortage of materials which arose in 1948. He collabo- 
rated with others in the formation of The Refractory 
Users’ Federation, a national organisation representative 
of the various industries engaged in the supply installa- 
tion and maintenance of coke-ovens, gas retorts, indus- 
trial furnaces, boiler settings, etc. 

The Members of the Society of Furnace Builders are 
greatly indebted to Mr. Southern for his constant care 
of the Society’s interests and for the enormous amount 
of work he has done during his long term of office. In 
recognition of his services they have appointed him the 
first president of the Society. Mr. C. G. Pettit, assistant 
managing director of The Incandescent Heat Co., Ltd., 
succeeds Mr. Southern as chairman. 
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New Ultra High . 
Strength Steels 
for Use at 
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Fig. 2-The tensile strength of HST steels at room and elevated 
temperatures. Initial condition: oil hardened and tempered at 


high temperatures has been developed by Samuel 
Fox & Co., Ltd., a subsidiary of The United Steel 
Cos., Ltd. The steels have been designed to give 
tensile strengths of between 100 and 140 tons sq. in. 
after tempering at up to 600° C. In addition to permit- 
ting higher operating temperatures to be considered in 
design, compared with steels which are currently being 
specified for these strength levels, the high tempering 
temperature will yield maximum stress relief and, there- 
fore, greater dimensional stability. There are at present 
three steels in the new series, of which the first is a 
commercial alloy already in production. This steel has 
a tensile strength of 100 tons ‘sq. in. in the air-hardened 
and tempered condition. Formerly described as Fox 
769, it has now been renamed HST 100. 
The two new steels in the series have been obtained by 


A NEW series of ultra high strength steels for use at 
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Fig. 1--The tempering characteristics of HST steels. 
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600° C. for 1 hour. 


small compositional changes ‘in the basic HST 100 
analysis, but there is no increase in the carbon content, 
while use has been made of a combination of solution 
hardening and improved tempering resistance. The 
steels are known as HST 120 and HST 140, and have 
tensile strengths of 120 and 140 tons sq. in., respectively, 
at room temperature ; it has been possible to reduce the 
carbon content of HST 120 to 0-30°,. Both these steels 
can be hardened in either air or in oil, depending on 
mass, and all three in the series have silicon contents 
below 0-40°%. 

Fig. 1 shows a comparison of the tempering characteris- 
tics of the HST steels, and Fig. 2 illustrates the elevated 
temperature tensile properties in the range 20-600° C. 
It will be seen that, at the preferred tempering treatment 
of 600° C., tensile strengths of 98, 115 and 137 tons /sq. 
in., respectively, have been obtained at room temperature, 
combined with remarkably good ductility figures. Still 
higher tensile properties can be obtained, of course, by 
small adjustments to the tempering treatment. HST 
140 has shown a 13% elongation and a 41°, reduction of 
area at a strength level of 137 tons ‘sq. in., and it is felt 
that these are fairly typical figures. 

The HST steels can be produced in the form of billets, 
blooms and slabs for forging and re-rolling, and in bars 
for forging or machining. Bars can be supplied either in 
the annealed or fully hardened and tempered conditions. 
Experiments are taking place to produce sheets down to 
0-064 in. thick in all three qualities, but these are not 
yet generally available. 

Application for the HST steels are expected to be found 
in the aircraft and rocket industries, although HST 140 
could probably be used to advantage as a hot die steel. 


Finishing Line Order 


SCHLOEMANN AKTIENGESELLSCHAFT, Diisseldorf, is to 
supply the Forges de Clabecq S.A., Clabecq, Belgium, 
with the complete finishing line plant for a 9 ft. 4 in. 
heavy and medium plate mill. Included in the equip- 
ment is a hot leveller, rotary trimming shear, two 
rocking shears, roller tables, a cooling bed with plate 
turner, manipulators, pilers and scrap handling gear. 
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Heat treatment 


Cucumbers grow firm and ripe in the controlied heat 
of the greenhouse — and metal parts receive the best 
heat treatment in ‘Cassel* salt baths. 

With salt baths as with greenhouses, what counts is 
experience. The ‘Cassel’ Heat Treatment Service has 
long experience in carburising, heat treatment, temper- 

* ing, martempering and austempering. 


Write to: 
imperial Chemica! Industries Ltd., 


London, $.W.!. 


Salt is kept at precise desired 


P temperature by current passing 
= ae between electrodes near the furnace 


at 


with 
continuing 
graphite 
electrodes. 


ESSENTIAL FOR ALUMINIUM 
DIP BRAZING 


BETTER FOR HARDENING 
HIGH SPEED STEELS 


Submerged electrodes allow maximum 
loading space. 

Minimum surface exposure reduces 
radiation losses. 

Bottom heating creates circulation 

of the salt. 


Negligible salt absorption in bath lining. 


Thermal efficiency 60—80%. 
Easy cleaning and maintenance. 


bottom. This method provides a 
constant furnace-wide agitation of the 


Salt Bath Fu rn aces 


and new electrodes can be inserted 
easily without interrupting operation. 


60 kW graphite electrode 
salt bath used for aluminium 
brazing. 


A salt bath free from metallic oxides, a bath 
which does not have to be unbricked for 
electrode replacement. These are features 
of the Efco-Upton salt bath furnace with the 
consumable and continuously renewable 
graphite electrodes. Features which spell 
success for aluminium dip brazing. Features 
which mean greater economy and efficiency 
for any salt bath application. 


FURNACES 
the best of the worlds furnace designs 


ELECTRIC RESISTANCE FURNACE CO. LTD 


NETHERBY, QUEENS ROAD, WEYBRIDGE, SURREY - Weybridge 389/ 


Associated with Electro-Chemica! Engineering Co. ltd 
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Industrial Training in Operational 
Research 


Tue British Iron and Steel Research Association 
announces the introduction of a graduate apprenticeship 
scheme for specialised training in operational research. 
The purpose of the scheme is to train recruits not only in 
the specialist techniques, but also in the practical art of 
applying these methods to actual industrial problems. 

During the two-year course, the apprentice will be 
regarded as a temporary member of B.I.S.R.A. staff at 
a salary of £700 per annum at the age of 21, with an 
extra £25 per annum for each year above that level. 
Training will consist of day-to-day experience as a 
member of a team engaged on actual problems in the 
steel industry followed by a more formal course in 
techniques, arranged in collaboration with the London 
School of Economics. The course will culminate in an 
examination for the Diploma in Operational Research 
recently instituted by the London School of Economics. 
The basic qualification for an apprentice is a good 
degree in a pure or applied science, mathematics, or 
statistics. 

B.LS.R.A.’s operational research department, which 
is sponsoring the scheme, was started in 1946, and has a 
very wide industrial experience of operational research. 
The new scheme provides an unusual opportunity for 
the ambitious man to acquire a first-class training in a 
rapidly expanding field. Further particulars, including 
an explanatory leaflet, can be obtained on application to 
B.L.S.R.A.’s personnel officer, at 11, Park Lane, London, 
W.1. 


Lecture Courses 
A SPECIAL course on corrosion and protection of metals, 
organised by the Division of Metal Science at the 
Borough Polytechnic, Borough Road, London, 8.E.1, 
will be run on one afternoon and one evening a week 
during the three terms of the session 1960-61. The 
course will deal with chemical and _ electrochemical 
principles, and with metallurgy in the afternoons ; and 


General view of the 1,750 ton 
walking dragline recently in- 
stalled at the Cowthick iron- 
stone quarry of Stewarts and 
Lloyds Minerals, Ltd. Made 
by Ransome and Rapier, Ltd., 
at a cost of £750,000, the 
machine is probably the 
largest in the world. The 
303 ft. long jib, of welded 
tubular construction, was 
designed and built by Tube- 
wrights, Ltd., a Stewarts and 
Lloyds subsidiary. In its 
working position the jib head 
is 185 ft. above the ground, 
and the 22 cu. yd. bucket 
takes a 33 ton “‘ bite *’ at the 
overburden. 
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NEWS AND ANNOUNCEMENTS 


At the 
end of the course, students will be able to sit for the 


with corrosion and protection in the evenings. 
Polytechnic Certificate examination. The first lecture 
will be on Monday, September 26th. 

In addition to the above course, three special evening 
courses have been organised for the winter term. On 
Thursdays, commencing October 6th, a six-lecture course 
on recent developments in electrolytic metal finishing, 
will be held. This is intended for chemists, metallurgists 
and engineers interested in metal finishing, and will cover 
recent developments in nickel, chromium and precious 
metal plating, and anodising of aluminium and its alloys. 

A second course of ten lectures beginning on Friday, 
October 7th, will deal with refractories—their manu- 
facture, properties and uses. This course is for chemists, 
metallurgists and engineers interested in refractory 
materials, and will cover the constitution and physical 
and chemical properties of acid and basic refractory 
materials; thermal insulating materials; ceramic 
materials ; and the design of high temperature equip- 
ment. 

The last course, on the metallurgy of semi-conductors, 
will consist of eight lectures beginning on Tuesday, 
October 25th. This course is intended for graduate 
metallurgists, physicists, chemists and electrical engin- 
eers engaged on work in the semi-conductor field. It 
will cover physical principles; melting and freezing ; 
zone refining ; growth of high perfection single crystals ; 
rectifier fabrication ; and etching. 


Fulmer Research Institute 


As has recently been announced the shares of Almin, 
Ltd., the parent company of Fulmer Research Institute, 
Ltd., have been acquired jointly by Imperial Chemical 
Industries, Ltd., and the Aluminum Co. of America. It 
is not expected that the change of ownership will affect 
the position of Fulmer as an independent institution for 
carrying out sponsored research, and the new owners of 
Almin, Ltd., wish it to be clearly understood that all 
work undertaken at Fulmer will remain strictly confi- 
dential to the sponsors. 
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Ultrasonic Inspection Conference 


A CONFERENCE on the “ Theory and Practice of Ultra- 
sonic Inspection ”’ is to be held at the Queen’s Hotel, 
Cheltenham, during the period September 22nd to 24th, 
1960. The arrangements are being made jointly by 
The Institute of Physics’ Non-Destructive Testing 
Group, The Society of Non-Destructive Examination and 
The Non-Destructive Testing Society of Great Britain. 
Further details of the programme, and of hotel accom- 
modation in Cheltenham, can be obtained from the 
Conference Secretary, Mr. I. M. Barnes, Materials 
Laboratory, de Havilland Propellers, Ltd., Hatfield, 
Herts. 


Research-Industry Link 


Tue Coil Spring Federation Research Organisation, 
which has now established its position as an active centre 
for research—culminating recently with the opening of 
new laboratories at Sheffield by Sir Harry Melville, 
K.C.B., F.R.S.,—launched a new service to industry at 
its annual conference at Llandudno, last month. Dele- 
gates were introduced to Mr. Henry Snow, a 42 year-old 
metallurgist, who has been appointed the organisation's 
first Industrial Liaison Officer. His job will be to im- 
prove the lines of communication between the laboratories 
and the factories. He will be “ selling’ research not 
only to th comparatively tiny spring-making industry 
itself—which employs only about 7,000 people—but to 
the many user-industries who are also members of the 
organisation. As a result of this appointment, the 
President of the C.S.F.R.O., Mr. R. Salter Bache, J.P., 
confidently expects that membership will increase, and 
that newly developed techniques will become even more 
widely used, so maintaining the British spring maker’s 
reputation for quality and reliability. 


British Association Meeting 


Tue Annual Meeting of the British Association for the 
Advancement of Science will be held in Cardiff from 
August 3lst to September 7th, 1960. The title of the 
address to be given at the inaugural meeting by this 
year’s president, Sir George Thomson, F.R.S., will be 
“The Two Aspects of Science.” In it, Sir George will 
consider on the one hand the effect of science on man’s 
environment and, on the other, its effect on man’s 
thoughts and sense of values. 

A major innovation this year will be the devotion of 
the whole of Monday, September 5th, to a discussion and 
practical review of the vital issues arising out of the 
present world food situation. The main scientific 
programme will, as usual, be arranged in sections, and 
one of the topics for discussion will be of particular 
interest to South Wales, namely, the continuous casting 
of steel. 


Cambridge House 
Durine the evenings of Wednesday, May 25th and 
Thursday, May 26th, a total of more than a hundred 
guests attended receptions held at “‘ Cambridge House " 
(the new name for the head office and showrooms of the 
Cambridge Instrument Co., Ltd., at 13 Grosvenor Place, 
London). The receptions, held in the showroom and 
the new boardroom, were to celebrate the internal re- 
building and redecorating being carried out to modernise 


the company’s recently enlarged premises. The visitors 
were invited individually and entertained by members 
of the board of directors and the sales and publicity 
staff. Most of them were scientists and engineers 
representing industrial and research organisations 
interested in the company’s products. Several foreign 
diplomatic delegations were also represented. 


Induction Heating Courses 


Due to the extensive interest being shown in the 
induction heating courses organised by the Process 
Heating Division of Pye, Ltd., it has been decided to 
hold them at regular intervals. The next course will 
commence at 2.0 p.m. on Tuesday November Ist, and 
finish at 6.0 p.m. on Wednesday, November 2nd. 
Subjects to be covered again include the theory of 
induction heating, methods of application, the basis of 
coil design, hardening, annealing, tempering, brazing, 
soldering and special applications. The course itself is 
free but participants have to pay for their living accom- 
modation which is normally arranged by the company. 
Further details are available from Mrs. E. Raeburn, Pye 
Process Heating, 28, James Street, Cambridge. 


Micro Reproduction of Theses 


SomE time ago, Micro Methods, Ltd., of East Ardsley, 
Wakefield, Yorks., announced their intention of making 
available in micro form accounts of work carried out 
in the universities, often in the form of theses submitted 
for higher degrees. Two recently released items are of 
interest in the metallurgical field, namely, an account of 
work carried out in the Department of Metallurgy at 
Cambridge on the electrodeposition of tungsten-cobalt 
alloys ; and a thesis submitted for the degree of Ph.D. 
in the University of Sheffield on the effect of coal-fired 
furnace atmospheres in the heating of steel. 


Magnesium Price Rise 


MaGnesium ELektron, recently announced an 
increase in price of commercial aluminium-containing 
magnesium alloys. Elektron “‘C” sand casting alloy 
is now 2s. Id. per lb. delivered, as compared with 
Is. 114d. previously. The corresponding figures for 
AZ91X die casting alloy are 2s. 1}d. and Is. 11?d. The 
new prices became effective on July Ist, 1960. 


Polarography Meeting 


Tue Polarographic Society announces that a meeting 
will be held at the Wolverhampton Technical College on 
Wednesday, September 21st, 1960, at 2-30 p.m. The 
subject will be “The Application of Polarography in 
Metallurgical Analysis.” Further details concerning the 
meeting may be obtained from R. C. Rooney, Esq., 
British Cast Iron Research Association, Bordesley Hall, 
Alvechurch, Birmingham. 


Correction 
CHANGE OF ADDRESS 


On page 212 of our May issue, it was announced that the 
London Office of Uddeholm, Ltd. was to be moved to 
124 Victoria Street, London, S.W.1. Unfortunately, 
these plans fell through, and readers are asked to note 
that the new London address of Uddeholm, Ltd., is now 
78 Buckingham Gate, S.W.1. Tel. SULlivan 2741/2. 
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Shell Core Blower 


A NEW machine for producing shell cores from pre-coated 
resin sands has been introduced by the Foundry & Metal- 
lurgical Equipment Co., Ltd. This machine, the 
Reynolds shell core blower, performs up to 180 blows an 
hour, depending upon the type of core and the number of 
cores per box. ‘lhe shells have only a fraction of the 
weight of solid cores and the saving in material, and the 
elimination of mixing operations, more than offset the 
higher cost of the resin-bonded sand. It is claimed that 
stronger cores are produced, special vents, supporting 
wires and driers are not required, and the cores are ready 
for use immediately without further stoving : storage 
life is considerably prolonged. 

Operation of the machine is extremely simple. After 
closing the core box and raising the sand chamber to seal 
the core box entry, the cores are blown. The air is then 
exhausted from the sand chamber, the chamber lowered 
and the core box opened for removal of the cores. All 
these operations are completed in the right sequence with 
a single six-position control lever. A pneumatic vibrator, 
operated by a push button, empties sand from the cured 
shells and reduces wastage, and an automatic air blower 
nozzle and hose is fitted for clearing residual sand from 
working surfaces. 

The core blower is enclosed in a floor standing cabinet 
which needs no fixing and which carries on the top two 
machined heads for holding the two halves of the core 
box. The height of the heads and the gap between them 
can be adjusted to suit the size of the core box. Mounted 
on these heads are the electrically heated plates to which 
the two halves of the core box are attached. The left 
hand plate is fixed and the other is moved by a heavy- 
duty pneumatic cylinder which therefore opens and 
closes the core box. Under the bed-plate is mounted the 
sand chamber, which is raised and lowered by an articu- 
lated linkage system operated by an air cylinder. The 
standard sand chamber has a capacity of 35 1b. but 
larger chambers are available. An attachment can be 
supplied to allow the use of three-part core boxes. The 
machine has an overall height of 4 ft. The cabinet is 
3 ft. wide, | ft. 6 in. deep and 3 ft. high. 


Foundry & Metallurgical Equipment Co., Ltd., Netherby, 
Queens Road, Weybridge, Surrey. 


Sorting Non-Ferrous Metals 


Aw instrument known as the Sortationer, which, it is 
claimed, is capable of differentiating between various 
aluminium alloys, magnesium alloys and copper alloys 
by indicating the difference in conductivity of a layer 
near the surface is being marketed by Townson & Mercer, 
Ltd. A special feature of the instrument is that the 
sensing head has been made relatively insensitive to 
distance, so that it will give a virtually constant reading, 
even if the head is not kept absolutely square on the 
surface, and even if the surface is uneven. Perhaps even 
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more important, it will give constant readings whether 
the surface is anodised, painted or both. 

The principle of operation is that the sensing head 
contains a coil which may be considered as the primary 
of a transformer fed with a low radio frequency supply 
and the sample under investigation may be regarded as 
a single short-turn secondary winding. The inductance of 
the primary coil and its losses are affected by difference 
in electrical characteristics of the sample under test. 
Reductions in its inductance raise its tuned frequency, and 
increases in loss lower its efficiency. Both these effects 
are produced when a piece of non-ferrous metal is 
presented to it. 


The circuit arrangement is such that the sensing-head 
coil is in the grid of an oscillatory valve circuit of which 
the anode coil is tuned to a slightly higher frequency. 
Increase of tuned frequency of the grid coil tends to bring 
the grid and anode coils into line, thereby increasing the 
grid ‘anode feedback until oscillation occurs, whereas the 
loss in efficiency of the grid coil delays this process, and 
by the combination of these two effects it has been found 
possible to arrange the circuit constants to make the 
instrument relatively insensitive to distance between the 
sample under test and the sensing head. 

Like most instruments for this purpose, the sortationer 
has its limitations, arising from the fact that the conduc- 
tivities of certain alloys can be made to vary over a very 
wide range by heat treatment. Works sometimes have 


supplies of say aluminium alloys and pure aluminium on 
which the marking is indistinct. 


If they are not heat 


- 
aa 
t 4 
| 
| 
C 
(4) 
a9 


treated the instrument will instantly identify them. 
Likewise, it will function with magnesium and copper 
alloys, but must be reset for each basic metal. One could 
not take a stack of unknowns of mixed treated and un- 
treated alloys and expect to differentiate with certainty, 
but the sortationer will identify pure aluminium and 
pure magnesium from all their alloys, and will sort the 
remainder into stacks which can usually be identified 
definitely by appearance or analysis. 

Special applications include indicating which side of 
single sided Alclad is clad ; differentiating between an- 
nealed and un-annealed Alclad ; indicating heat damage 
to many heat treated alloys ; indicating the degree of 
heat treatment of a particular alloy, acting as a “ go, 
no-go”’ gauge; and finally, differentiating between 
tantalum and niobium. between gold and its alloys, and 
between silver and its alloys. 


Townson & Mercer, Ltd., Croydon, Surrey. 


Measuvac | McLeod Gauge 


THE new Measuvac McLeod gauge has been designed to 
meet the increasing need for a general purpose vacuum 
gauge giving accurate and rapid pressure readings in all 
situations calling for a robustly constructed McLeod 


gauge. It is claimed that for the first time a gauge of this 
type has been made of very small proportions covering a 
range of pressure hitherto not possible. The standard 
model covers the range from 150 mm. to 1 micron. This 
is achieved by the simple operation of depressing a lever 
which gives accurate readings simultaneously on two 
scales, one reading from 2 mm. to 150 mm., and the other 
from 1 micron to 2,000 microns. 

On depressing the handle, the mercury rises in the three 
tubes and the rising level in the left-hand intake tube is 
adjusted to the set mark. With this held steady a 
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pressure reading is taken on the scale appropriate to the 
pressure range. Once the reading has been taken the 
operating lever is released and the mercury returns auto- 
matically to zero ready for the next reading. This elimi- 
nates any possibility of mercury being left in the tubes 
and resultant damage if the pressure should rise to 
atmospheric. 

The construction of the gauge makes for ease of dis- 
mantling for repairs and cleaning which may be necessary 
from time to time. 


Genevac, Lid., Pioneer Mills, Radcliffe, Manchester. 
Heating Electrode 


A NEW electrode, Thermees, for applying a rapid and 
concentrated heat to metal before welding, bending or 
straightening, is announced by English Electric. ‘The 
electrode may be used on any standard metal and in any 
position. Heat can be thus applied in an exact spot and 
in normally inaccessible places without any special flame or 
induction heating equipment. Thermees is handled like 
a normal electrode and requires no special equipment or 
technique : it can be used on A.C. or D.C. welding plant. 
For best results the A.C. supply should have an open 
circuit voltage of 80-85 V. Temperature rise of the metal 
is regulated by the rate of travel and number of passes of 
the electrode. Any residual scale or oxide can be easily 
brushed off to leave the surface clean. 


The English Electric Co., Lid., Marconi House, Strand, 
London, W.C.2. 


Recording Hygrometer Alarm 


Suaw Motsture Merers recently announced a new 
recording hygrometer alarm, incorporating the sensing 
element developed by Mr. J. L. Shaw. It records con- 
tinuously the humidity of any atmosphere—hot or cold. 
dry or damp, under pressure or vacuum—and gives 
immediate warning of any change beyond specified 
limits. ‘lhe instrument is transistorised and is fully 
stabilised for 1©0—260 V.; the sensitivity is | part in 
10 million and the response time | second. The working 
temperature range is —£0° C. to 150° C., and pressures up 
to 3,000 lb. /sq. in. can be handled: deposits down to 
—1£0° C. can be measured. Trial before purchase is 
possible, in which case a rental is charged until payment 
is received or the instrument returned. 


Shaw Moisture Meters, Rawson Road, Westgate Bradford. 


Premium Grade Carbide 


Wickman’s Wimet Division has just announced the 
introduction of a new grade of carbide, designated Wimet 
XL35 and combining to an unusual extent the character- 
istics of wear resistance and toughness, which has been 
developed over the last few years for milling steel. 
Despite its high hardness of approximately 1,500 V.P_N., 
it is said to possess superior resistance to thermal crack- 
ing at the cutting edge, which has been achieved by the 
selection of correct grain structure. This makes it 
suitable for all face, slot and end milling operations on 
steel, operations which cause the greatest thermal shock 
because the cutting edge of the tool is heated rapidly to 
a high temperature whilst cutting, and suddenly cooled 
whilst passing through air. These tendencies are in- 
creased in operations such as slot milling, where the chip 
thickness tapers to zero and a rubbing action accentuates 
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these effects. It can also be used with advantage on other 
operations such as intermittent turning where thermal 
shock is encountered. 

In a long testing programme it has been applied to 
crankshaft milling, milling slots of large and small rotors, 
and to a wide variety of die block milling, as well as to 
innumerable intermittent turning operations. In all of 
these, tool life has been considerably extended in com- 
parison with other grades. ‘lips supplied in the new 
grade will carry a premium of 5°%,. 

Wickman, Ltd., Wimet Division, Coventry. 


Silver Preparations 


Jounson, Matruey & Co., Lrp. recently announced that 
the research work carried out in collaboration with 
CIBA (A.R.L.), Ltd., has led to the development of two 
additions to the JMC range of thermo-setting silver 
preparations, namely FSP43, a surface-coating prepara- 
tion for application by brushing ; and FSP49, a conduct- 
ing cement. Each is based on Araldite which contains 
silver in the form of flake, and is supplied as two separate 
components which are mixed together immediately 
before use. The mixed components will adhere to most 
materials capable of withstanding a curing temperature 
of 80° C., such as metals, glass, ceramics, graphite and 
many plastics. 

FSP 43 produces a tougher and more adherent film than 
FSP 36—the earlier preparation—with a high degree of 
resistance to deterioration by water and organic solvents. 
It can also serve as a base for electroplating from many 
conventional acid baths. It cannot be soft soldered, nor 
should it be used as a conducting cement. 

FSP 49 can be used to form a conducting bond between 
any materials capable of withstanding the 80° C. curing 
temperature. After curing it is extremely hard and wear 
resistant, has a high electrical conductivity, and is highly 
resistant to water and organic solvents. 

Johnson, Matthey & Co., Ltd., 73-83 Hatton Garden, 


London, E.C.1. 


Combined Welder and Cutter 


A COMBINED welding and cutting outfit now being intro- 
duced by British Industrial Gases, Ltd., will, it is claimed, 
bring substantial economies in gas consumption. The 
welding torch—the Economatic 50-2—will prove of 
particular value in production work or wherever there is 
continual operation. After lighting in the normal way, 
the welding flame is obtained simply by pressing a thumb 
lever which, when released, reduces the flame to a minute 
pilot light. A non-automatic version of the torch, 
Model 19-GMC, is also available. A feature of this 
precision-built equipment is that simply by unscrewing 
the mixer assembly and replacing it with a cutting head, 
the blowpipe is converted to a cutting torch. 

Forward mounted controls are provided for easy 
adjustment, the knobs being suitably colour-coded, while 
the gas control valves are of the fine adjustment type. 
The cutting head—Model 36—is 7} in. long and weighs 
12 oz., complete with nozzle : it will cut sheet steel up to 
3 in. thick. Of exceptional robustness, the small size and 
light weight of these torches makes them particularly 
useful where operators are obliged to work in confined or 


cramped positions. 
Manufactured by British Industrial Gases by arrange- 
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ment with Harris Calorifie Co., of Ohio, this equipment 

has already proved itself in America under a wide range 
of operating conditions. 

British Industrial Gases, Ltd., 700 Great Cambridge Road, 
Enfield, Middlesex. 


Sealed-end Snaprib 
Styce Noral Snaprib Sheet was introduced some five 
years ago as a system of roofing and siding having an 
aesthetic appeal and also weathertightness deriving 
mainly from invisible fixing, it has constantly been im- 
Now, an im- 


proved by minor amendments in design. 


portant new development is announced, offering alter- 
native treatments of eaves and ridge. Known as Sealed- 
end Snaprib, this new development incorporates an 
integral seal at eaves and ridge, or alternatively at eaves 
only. In each case the seal is produced by forming the 
end of the sheet, making the roof completely weather- 
tight without the need of separate ridge or eaves fillers 
and permitting a shallow pitch. Moreover, it is even 
quicker to install than standard Snaprib. Once the roof 
sheets have been laid, a simple eaves flashing is hooked 
up into a slot formed by the folded end of the sheet and 
secured to the vertical wall; similarly a two-part 
adjustable ridge assembly is readily and securely clipped 
into place on the flanges of the roof sheets. The seal at 
the eaves end is particularly advantageous, for it im- 
proves the eaves line, giving it a pleasing firmness and 
solidity, and it increases even further the rigidity against 
wind load. It may also be preferred for siding, the sealed 
end giving a better finish to the base of the wall. 

Full details of Noral Sealed-end Snaprib are given in a 
four-page fol’er of that name, which includes fixing 
instructions and also a summary of the Snaprib system. 

Northern Aluminium Co., Ltd., Banbury, Oxfordshire. 


Pneumatic Cylinders 
To meet the increasing demand for a robust, smal! bore 
cylinder of light construction, Baldwin Industrial Con- 
trols have introduced three new basic cylinders to their 
range. Bore sizes are }, | and 1} in. with strokes ranging 
from | in. in the } in. bore size to 10 in. in the 1} in. bore. 
Cylinders can be either double-acting or single-acting 
with spring return. ‘lhese cylinders have been designed 
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primarily for light holding, clamping, or similar jobs 
where small physical size combined with rugged con- 
struction are first considerations. Maximum air pressure 
is 150 Ib. /sq. in. 

Baldwin Industrial Controls, Ltd., Dartford, Kent. 


New Transistor Techniques 


A NEW way of using a symmetrical transistor—as a 
chopper—has been developed by Smiths Aviation 
Division, principally for use with thermocouples. The 
company also visualises the use of its transistor chopper 
technique in strain-gauge work. Earlier objections to 
transistor choppers for field work—such as the need for 
accurate setting-up beforehand to obtain a low and 
constant rate of drift with temperature change—are said 
to been largely overcome. With the new method, 
setting-up is obviated or, for certain application, reduced 
to a minimum, and performance can be guaranteed from 
a standard batch of transistors. Smiths claim a drift rate 
of better than 1-5yV./°C. without selection from a 
batch or setting-up : with limited setting-up, results are 
better than 1-OynV./°C. This claim holds good over a 
wide temperature range from —40° C. to + 100° C, using 
silicon transistors. 

The new technique has changed the use of transistor 
choppers from circuits suitable for use mainly in labora- 
tory work, to circuits available for use in robust instru- 
ments capable of withstanding the rough conditions of 
general work. Results so far have been obtained on 
batches of experimental symmetrical silicon-alloy tran- 
sistors which are available in limited quantities from 
Semiconductors, Ltd. 

Summarising, the four advantages claimed for the 
Smiths application of symmetrical transistor choppers 
are :— 

(1) No setting-up required. Drift rates with tempera- 

ture changes are low and constant with standard 

batches of transistors. 

(2) Small size. The transistor chopper circuit, which 

includes two transistors, four resistors and one trans- 

former, is about one quarter of the size of a mechanical 
chopper. 

(3) Weight reduction, as compared with a mechanical 

chopper. 

(4) Robustness. Will withstand the normal vicissi- 

tudes of field use. 

Smiths Aviation Division, Kelvin House, Wembley Park 

Drive, Wembley, Middlesex. 
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Process Timer 


Etcontrou, Lrp., have recently introduced a new high 
accuracy electronic process timer, the Type TRU4. 
While basically similar to the standard TRU range, the 
circuit has been designed to give exceptionally high 
repetitive accuracy, i.e. betterthan +0-1°,, under normal 
supply conditions. Elcontrol state that this timer was 
developed particularly for a filling machine manufacturer 
who found that excessive mains voltage fluctuations 
caused by switching of heavy loads prevented standard 
electronic timers from achieving their normal accuracy, 
with consequent wastage on the filling plant dealing with 
a costly product. It was found that, even with an 
exceptionally high mains voltage swing of +25°,, the 
repetitive accuracy of the TRU4 was within +0-25°,. 
The unit is now available for general use : it can also be 
supplied as a cyclic timer where continuous operation is 
required. 
Elcontrol, Ltd., Willbury Way, Hitchin, Herts. 


Transistorised Temperature Controller 


A new fully transistorised printed circuit amplifier-relay 
for use as a stable, sensitive, temperature controller, has 
been introduced by Honeywell Controls, Ltd. With the 
appropriate thermistor temperature sensor, the R7079/ 
7081 Versa-Tran can be used for control in the range of 
60° to +500°F. with a differential of 1-5°F. or 0-3°F., 
depending on the model. Control is very stable and errors 
due to ambient temperature conditions are easily com- 
pensated for by means of a calibration dial. 

Wiring between sensing element and relay need not 
be shielded ; the bridge presents no capacity balance 
problems ; ordinary 18 s.w.g. two-conductor insulated 
cable will suffice. The control, which incorporates the 
load relay, can be used up to 300 ft. from the thermistor 
and operates from the 240 V. 50 c./s. supply. 

Versa-Tran controllers are available for surface 
mounting, flush mounting, or mounting in most electrical 
enclosures. For full details, specification S1010-6 is 
available on request. 

Honeywell Controls Lid., Ruislip Road East, Greenford, 

Middlesex. 


Silicone Grease M.494 


A NEw silicone grease, M.494, has been added to the 
rapidly growing range of I.C.I. Nobel Division silicone 
products. The outstanding electrical qualities of M.494, 
coupled with the silicone characteristic of intense water- 
repellency, give it exceptional efficiency as a sealing agent 
for electrical equipment, and as a general agent to protect 
surfaces against moisture. Technically and economically 
M.494 has proved its worth in many specialised and 
varied applications which include : protection of insula- 
tion from corona discharge ; sealing and potting grease 
in electronic equipment ; lubricant for electric cable prior 
to its being drawn through conduits, harness, ete ; 
release agent in moulding and casting operations ; 
packing grease for glands and for impregnating asbestos 
packing to prevent sticking of joints; glass stop-clock 
lubricant ; lubricant for preventing sticking of screw 
threads, e.g. with electric fittings located outdoors and 
vacuum sealing grease. 

Imperial Chemical Industries, Ltd., Nobel Division, 

Silicones Department, Stevenston, Ayreshire. 
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Trade Publications 


Jounson, Matrury & Co., Lrp., announce that they 
have adopted the name Silver Star to cover their entire 
range of precision silvered mica capacitors. All the com- 
ponents produced in the future will bear a silver star as 
a final inspection mark, indicating that the capacitor has 
undergone four final inspection tests for capacitance, 
power factor, proof voltage and insulating resistance. 
The range covers a wide variety of sizes and finishes and 
all capacitance values up to 0-25uF. It includes the new 
type H capacitors that have been developed for operation 
at temperatures up to 250°C. Information on Silver 
Star capacitors is available in an entirely new series of 
data sheets. These data sheets, enclosed in a binder 
(publication 1460), together with a descriptive booklet 
(publication 1461), are available free on request from the 
company’s head office at 73-83 Hatton Garden, London, 
E.C.1. 


Tue Bureau voor Handelsinlichtingen (Buvoha) was set 
up in 1903 by the Netherlands Society for Industry and 
Trade, and its object is to further the interests of Nether- 
lands industry, trade, agriculture, fisheries, shipping, etc., 
by supplying them with practical information. One of 
its activities is the annual publication of “ Buvoha 
Trade Letter.” the 1960 issue of which has recently 
appeared. It contains addresses of industrial and 
commercial firms in the Netherlands interested in trade 
relations with firms abroad, and copies may be obtained 
from the Bureau at Amsterdam-C. (Holland), 16 
Oudelrugsteeg. 


“ THERE’s nothing like the Purple Peeper ” is the colour- 
ful title of a new Honeywell Controls publication printed 
on paper to match. The reason for this description of the 
new Honeywell Ultra-Vision flame detector is that it is 
designed to sense only ultra-violet radiation. Among the 
advantages claimed for this device are the following : 
it will not respond to simulated flame conditions ; it 
positively discriminates between flame and hot refrac- 
tory ; it stops fuel delivery instantly on flame failure ; 
it provides flame protection for every type of fuel ; and 
it provides protection for the most difficult applications, 
such as exothermic gas generators. 


Nor without a certain amount of justification, the 
introduction to the Summer number of Copper, the 
Copper Development Association’s quarterly publication, 
suggests that the subject matter in this issue is almost as 
all-embracing as Lewis Carroll’s agenda for discussion by 
the Walrus and the Carpenter. Certainly the * ships ” 
mentioned by Carroll are there in an article dealing with 
the vital role played by copper alloys in marine engineer- 
ing; and the “ cabbages ’’, whilst not actually named, 
are just around the corner in the feature on cooking with 
copper utensils. The christening of the last steam loco- 
motive to be built for British Railways provides a re- 
minder of copper’s part in the past, present and future 
development of railway engineering. Other topics 
featured include the melting and casting of copper 
alloys, power for the Copperbelt, copper roofing and 
modern architecture, and a solar water heater for domes- 


tic purposes. 
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CURRENT LITERATURE 


As far as efficiency is concerned, there is no doubt that 
the battle of the fuels should be to the benefit of the user, 
as each industry strives to provide the best heating unit 
for a particular purpose. In the July issue of Edgar 
Allen News, pride of place is given to an article on the 
development and application of a high intensity oil 
combustion furnace by David Etchells & Son, Ltd., and 
David Etchells (Furnaces) Ltd. Other features include 
an extract for the revised edition of Gregory and Simon's 
book on the heat treatment of steel, the first part of an 
article on the metal are welding of stainless steel, and an 
account of the use of Edgar Allen steels for plastic dies in 
Australia. 

Tue Summer issue of The Brightside News features a 
description of the new bar and rod mill installed at the 
works of Samuel Fox and Co., Ltd., of Stocksbridge, a 
branch of the United Steel Cos., Ltd. The mill rolls high 
carbon, alloy and stainless steel, and the installation 
includes a special bar heat treatment plant. This issue 
also contains an item on the Newhall machine shop, 
where Brightside rolls are machined for customers in 
many industries whose activities include the processing 
of steel, rubber, plastics and paper. 

ALTHOUGH zirconium was identified over 150 years ago, 
it was not until 1945 that pure ductile material could be 
prepared and consolidated in commercially useful 
quantities. With the rapid development of nuclear 
engineering, zirconium, combining low neutron absorp- 
tion with high mechanical strength at room and elevated 
temperatures and with outstanding corrosion resistance, 
has become a very important metal. A booklet entitled 
“LC.L. Wrought Zirconium,” recently published by 
Metals Division, contains data on the mechanical and 
physical properties of L.C.I. zirconium and zirconium 
alloys and the forms in which they are produced. 
Information on the associated metal, hafnium, is also 
given. 

Tue refractory problems facing steel works engineers are 
many and varied, and Morgan Refractories, Ltd., have 
recently issued a leaflet illustrating the use of their 
Tri-Mor refractories in solving many of them. This 
range of high quality refractories includes both pre-fired 
firebricks and monolithic materials such as castables and 
mouldables. The sections of the plant detailed include 
blast furnaces, soaking pits, reheating furnaces, forging 
furnaces, heat treatment furnaces, strip and coil anneal- 
ing furnaces, and burner openings of reheating and 
annealing furnaces. 

Tue data book published by Henry Wiggin & Co., Ltd., 
on the Nimonic heat-resisting alloys has recently been 
revised. The contents cover the complete properties 
of the alloys currently manufactured in the Nimonic 
series. |These alloys were originally designed for use in the 
aircraft gas turbine engine, but now have many applica- 
tions in other industries. The publication includes 
tables on mechanical and physical properties, creep 
characteristics, and fatigue and impact properties. A 
series of diagrams give detailed data on creep properties 
in a form convenient to the designer. The extensive 
programme of testing which has been followed is _re- 
flected in the long-time creep curves presented in this 
publication and in some specimens, tests have been con- 
tinwed for nearly 46,000 hours. 
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A NEw edition of Dry Pneumatics, publication No. 709, 
issued recently by AEI-Birlec, Ltd., includes details of an 
entirely new range of Birlec refrigeration dryers designed 
to meet the needs of users requiring compressed air at 
dewpoints down only to freezing point. Compared with 
adsorption drying, not only is there a saving in capital 
cost but operating expenses are considerably reduced. 
In particular, power consumption is generally halved. 
Automatic defrosting equipment is available for the 
more stringent applications. 

A NEw publication, “‘ Nimocast Heat-Resisting Alloys,”’ 
has been published by Henry Wiggin & Co., Ltd. The 
Nimocast series of cast alloys which combine high- 
temperature strength and scaling resistance, are similar 
to, and in some instances identical in composition with the 
company’s Nimonic series of wrought alloys. The major 
part of the publication is devoted to physical and mech- 
anical properties, which are recorded in tabular form. 
The tables include the physical properties, standard heat 
treatment, oxidation data, and recommended pouring 
temperatures. Also included are a series of stress rup- 
ture graphs covering all the Nimocast alloys, in some 
instances tests have been carried out for over 3,000 
hours. A chapter entitled “ Further Developments ”’ 
deals with the company’s progressive research programme 
and refers to work on three new casting materials 
offering improved properties. 

THE choice of a vacuum for sintering may be based either 
on its function as a “ protective atmosphere ” or on the 
need for low pressure to achieve a desired result. Both 
aspects are discussed in an interesting article on vacuum 
sintering which appears in the latest issue of Murer 
Review (Vol. 2, No. 22), in which reference is made to the 
application of the process to the sintering of (a) titanium 
and titanium hydride powders, (6) hard metals, and 
(c) niobium. The issue also features an article on the 
effect of molten metals on stressed solid metals, which 
takes the form of a summary of the published work on 
the embrittlement of solid metals by lower melting point 
liquid metals and discusses some of the theories for this 
type of failure. 

THe new and revised 70-page catalogue of the Sheffield 
Wire Rope Co., Ltd., a member of the Firth Cleveland 
Group, lists the company’s ropes in accordance with the 
revised British Standards, together with a wealth of 
introductory notes. These cover, in text and illustration, 
such subjects as the lays of wire rope, preformed wire 
rope, the handling and care of ropes, recommended pulley 
diameters, etc. The company produces wire rope for 
the mining, engineering and marine industries. The 
catalogue is available on request from the Sheffield Wire 
Rope Co., Ltd., Darnall, Sheffield 9. 


PrRoPERTIES of two new stainless steel-bonded carbides 
are tabulated in Bulletin 60, available from Sintercast 
Division of Chromalloy Corporation, Yonkers 2, N.Y., 
U.S.A. Called Ferro-Tice these compositions are 
formulated for applications requiring unusual corrosion 
resistance or strength at high temperatures, as well as 
abrasion resistance and hardness. Because these 
carbides are machinable, tools and components may be 
fabricated from blanks using conventional equipment, 
rather than diamond grinding wheels. The resulting 
parts combine stainless steel’s heat and _ corrosion 
resistance with the ultra-hardness of titanium carbide. 
The new bulletin describes physical properties of both 


grades of Ferro-Tic 8 carbides, having a Rockwell C hard- 
ness of either 45 or 55. 

Haprtietps, Lrp., have recently issued a new leaflet 
(No. 546), dealing with Hecla 174. This is a chromium- 
molybdenum-vanadium steel whose outstanding feature 
is the ability to withstand alternate heating and cooling 
without the occurrence of the crazing associated with 
heat shock. Typical applications include extrusion 
mandrels, hot forging dies, extrusion dies, die casting 
dies, etc. Particulars are given of composition, heat 
treatment and physical properties. 

Tue latest edition of the well-known Pye scientific 
instrument catalogue describes several important new 
developments which will interest those concerned with 
scientific research or industrial production testing and 
process control. The important new developments 
mentioned here include a stabilised power supply unit, a 
precision decade potentiometer, a pH extension meter, 
an autotitrator-controller, apparatus for the automatic 
determination of sulphur content, and an argon 
chromatograph with new accessories. Catalogue ‘ N” 
is distinguished by its orange cover, and it supersedes all 
previous additions which should now be destroyed. 
Copies can be obtained from W. G. Pye & Co., Ltd., 
Granta Works, P.O. Box 60, Cambridge, England. 
Necrett1 & ZAaMBRA have recently issued three new 
publications. These are: (1) R30 2E, dealing with 
electric switch and contact automatic controllers and 
alarm mechanisms; (2) A/19, integrating indicator 
(Type I.R.) for use with N & Z aircraft fuel flowmeter ; 
and (3) F25/8, Spanish version of the general catalogue : 
this is the sixteenth version of this catalogue. Copies 
of these publications are available on application from 
Negretti & Zambra, Ltd., 122 Regent Street, London W.1. 
Tue AssoctaTion oF Ligut ALLOY REFINERS AND 
Smevters, Lrp., has recently published a revised edition 
of its mounted data sheet to replace the 1955 issue. The 
amendments mainly concern the ‘‘ Related Specifica- 
tions * section, and are the result of the revision of the 
B.S. “ L.” series of aircraft standards and the transfer 
of four D.T.D. specifications to the “‘ L” series. One of 
these, the familiar D.T.D.424A, will in future be known 
as B.S. L79: the B.S.1490 “LM” numbers remain 
unchanged. Copies of the data sheet may be obtained 
from F. H. Smith, technical officer of the Association, at 
3 Albemarle Street, London, W.1. 


Books Received 


“A History of Metals.” Vols. I and II. By L. 
Aitchison. 690 pp. including 262 illustrations and 
48 tables. London, 1960. Macdonald & Evans, Ltd. 
168s. for the two volumes. 

“ Aircraft and Missile Design and Maintenance 
Handbook.” By C. A. Overbey. 369 pp. inc. index. 
New York and London, 1960. $9.75 or 68s. 

“The Manufacture of Iron and Steel.” Volume IIT. 
“Steelworks Fuels, Refractories and Instruments.” 
By G. R. Bashforth. 246 pp. ine. index. London, 
1960. Chapman & Hall, Ltd. 35s. net. 

‘* Mechanical Properties of Intermetallic Compounds.” 
Edited by J. H. Westbrook. 435 pp., inc. author, 
compound and subject indexes. New York and London, 
1960. John Wiley & Sons, Inc., and Chapman & Hall, 
Ltd. 76s. net. 
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During wartime, gas masks were issued 
for filtering out poisonous and harmful 
constituents from air in the event of a gas 
attack. Birlec adsorption dryers are used 
for removing water vapour from process 
gases employed in modern manufacturing 
techniques. For process protection in the 
metallurgical, chemical electrical 
industries, dew-points below —40°C. are 
frequently required. Standard Birlec 
dryers are available for such applications 
and specialised equipment can be built 
for obtaining dew-points down to—100°C. 
Users of one or more of the gases listed 
alongside are invited to write to Birlec for 
a copy of Publication No. 82/4. 


ADSORPTION DRYERS 


DRY AIR & GASES 


AE!I-Birliec Limited 


\ BIRMINGHAM 24 

N GLASGOW CARDIFF 


SMB 4957 
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Make the NasHTON Wet Pre-grinder your 
standard tool for specimen preparation .. . 

Speed up the whole process of pre-grinding 
your metallurgical specimens with this light, 
compact instrument designed specifically for 
the job by Nash & Thompson—you will soon 
recover its cost with quicker pre-grinding time. 


IT GIVES YOU ALL THESE ADVANTAGES: 


* 4 parallel strips of waterproof abrasive papers with constantly 
washed surfaces. 


* Grit sizes 120, 240, 400 and 600. 

* Grinding area—1} in. diameter—11 in. stroke. 

* Continuous water feed—hose connection to tap. 

* Continuous water and detritus outlet—hose to sink. 


* Robust and yet easily stripped down for cleaning. 


* Abrasive papers replaced in seconds from spare 50 yd rolls. 
* Price: Pre-Grinder {12 nett, ex works. Set of 4 rolls of papers £6.3.6. 
* Delivery 2 weeks. 


This is one of the range of NASHTON metallurgical instruments which 
now includes: Metallurgical Mounting Presses, Vibratory Polishers, 
Electrolytic Polishers, B.N.F. Plating Gauges, Anodic Thickness 
Gauges, Creep and Rupture Machines, and Extensometers. 


Write now for further information. 


/ NASHTON / Metallurgical Pre-Grinder 


Nash ... 


HOOK RISE - TOLWORTH - SURBITON - SURREY - Telephone ELMBRIDGE 5252 
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ONLY £12 | 
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LABORATORY METHODS 
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The Spectrophotometric Determination of 


Cobalt in Copper Alloys 


By G. Lindley 


Works Chemical Laboratory, English Electric Co., Ltd., Bradford 


A simple method has been developed for the determination of cobalt in copper alloys. The 
copper is separated electrolytically prior to converting the cobalt to cobaltous chloride by 
means of hydrochloric acid. The absorption of this solution is then measured spectro- 
photometrically at a wavelength of 625 mp. The effects of other elements have also been 
investigated. 


N many analytical methods, the simpler types of simpler method was desirable, and the possibility of 


reaction appear to be neglected in favour of more 
complex procedures, which, in many cases show little 
or no resultant advantages. During investigations on 
copper-cobalt alloys, it became necessary to determine 
cobalt contents. A review of methods available revealed 
that closely controlled reaction conditions are generally 


employing measurement of the blue colour of cobaltous 
chloride in strong acid solution was investigated. 
Although some work has been published on the 
spectrophotometry of metal chlorides and chloride 
complexes,'"* little direct application of this has been 
made in analysis. In a few cases, measurement of the 


It 


For this work, it was considered that a much pink colour of cobaltous sulphate has been used.” * 


necessary. 
was decided to use the chloride system for this work, 
1.0 of since previous experiments in this laboratory had shown 
that this would offer several advantages, including 
greater sensitivity. 
a 0-6 0-64 When in solution, cobaltous chloride can exhibit a 
< 0-4 eel range of colours from pink to blue, depending upon many 
= : conditions, such as use of aqueous solvents, presence of 
7-2) o-2 other salts, temperature, acidity, ete. Since the blue 
form has been reported *!° as being about ninety times 
eae Se ae eee more sensitive than the red form, conditions of high 
acidity were chosen to favour this formation. This blue 
1-0 04 colour is probably due to the cobalt being present as a 
rr Fe onl " complex anion with the halide, whereas the pink colour is 
probably due to a simple cobaltous cation. 
0-6 0 64 
Absorption Spectra 
5 0-2 - In the proposed procedure, copper was to be separated 
1 electrolytically. It was decided to investigate any inter- 
om $00” 800. 1000” 400 600 800 1,000 ference which might be caused by the presence of residual 
WAVELENGTH ~ » WAVELENGTH - copper in the electrolyte due to any inefficient separation, 
It was also decided to assess the order of interference 
as which might be expected from the presence of other 
E o.84 aa elements in the alloys, which would remain in the 
a electrolyte, and which might absorb in the wavelength 
tes region of the cobaltous chloride. As a preliminary 
S 0-44 investigation absorption spectra were plotted, using a 
Bea Unicam S.P.600 spectrophotometer, of the chlorides of 
; cobalt, chromium, nickel, copper and ferric iron in 
strong hydrochloric acid solution. The spectra obtained 
WAVELENGTM are shown, on a reduced scale, in Fig. 1. The wave- 
lengths of peak absorption and corresponding approxi- 
Fig. 1.--Absorption spectra in concentrated hydrochloric mate molecular extinction coefficients are shown in 


Table I. 
These results indicated that the cobaltous chloride 


acid solution. 
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Fig. 2._-Absorption spectra of cobaltous chloride: (A) 
0-04 mg. Co/ml.; (B) 0-08 = Co/ml.; (C) 0-12 mg. 
Co/ml. 


absorption, at any one of its three peak wavelengths, 
would be sufficiently sensitive for this determination. 
The only elements likely to interfere, due to coloured 
ions, in the cobalt wave-band are nickel and chromium. 
By comparison of the molecular extinction coefficients, 
however, appreciable amounts of these two elements 
would be needed to cause such interference. 

A detailed plot was next made, in concentrated 
hydrochloric acid solution, of different concentrations of 
cobalt. The spectra thus obtained are shown in Fig. 2. 
For each peak wave-length, the relation between optical 
density and cobalt concentration was found to be linear, 
and the system thus obeys Beer’s Law. 


Effect of Acid Concentration 


Since acidity is the major factor governing the produc- 
tion of the blue compound, a standard cobalt soiution 
was treated with hydrochloric acid solution of different 
concentrations in order to investigate the effect of 
acidity. These solutions were diluted to a standard 
volume, and optical density readings were taken at the 
three peak wavelenths for the cobaltous chloride. The 
results obtained are plotted in Fig. 3, from which it will be 
seen that at a concentration of about 200 g. HCI /litre a 
strong intensification in colour commences. This is the 


TABLE I ABSORPTION MAXIMA ACID CHLORIDE SOLUTIONS. 


Cobalt... 


| 
Copper II | | 
410 | 8 | 760 | 3 
Chromium III. ie 460 | 27 650 21 


Iron LI | 2.940 - | 


point at which formation of the blue compound begins, 
and this proceeds rapidly as the acidity is increased to 
about 380g. HCl/litre. Beyond this point the effect 
of acidity is somewhat less pronounced. . These results 
indicate that acidity must be controlled and that maxi- 
mum sensitivity occurs at the highest acid concentration. 
Consequently, it was decided to investigate the effect 
of acidity at these high concentrations. Optical density 
measurements were made of solutions containing 
hydrochloric acid of various concentrations between 
387 and 430 g./litre: the results are plotted in Fig. 4. 
In this range, the effect of variation in acid concentration 
is not critical, the effect being slightly more pronounced 
at the higher wavelengths. ‘lhus, a variation of +10 g. 
HCl litre in solution results in an error in density 
measurement of +0-007 units at 625 mu and +0-010 
units at 680 mu. For the range of cobalt concentration 
to be covered, these errors are negligible and can further 
be reduced by preparation of the hydrochloric acid to a 
given specific gravity. In order to avoid any difficulties 
due to variation in the stock acid (S8.G. approx. 1-18), it 
was decided to adjust the latter, by addition of water to 
8.G. 1-175 at 20°C. This corresponds to an acidity of 
414 g. HCl litre." 
Effect of Copper 


For the analysis of copper alloys, the copper is separa- 
ted electrolytically from dilute acid solution, this opera- 
tion also providing an accurate determination of the 
copper content. The cobalt is not deposited under these 
conditions. For cases where electrodeposition might be 
required to provide a separation only, it was decided to 
determine the degree of separation required, i.e. the 
amount of residual copper which could be tolerated in the 


electrolyte. 


+—__—_+ 


OPTICAL DENSITY 


ACID CONCENTRATION~g HCi/litre 


Fig. 3._-Effect of acid concentration with 1 cm. cells and 
0-12 mg. Co/ml.: (A) 625 my; (B) 660 mp; (C) 690 mz. 
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Fig. 4.—-Effect of high acid concen- 
trations with 1 cm. cells and 0-12 mg. 
= _ Co/ml.: (A) 625 my ; (B) 660 my, ; (C) 
08 t 
: +> z 
0-5 T 
0-4 Fig. 5.--Interference due to copper 
380 390 400 410 420 430 440 with 1 cm. cells and 0-05 mg. 
ACID CONCENTRATION~g HCi/litre Co/ml.: (A) 625 my: (B) 660 mz, ; 
(C) 690 my. 


Standard cobalt solutions were prepared containing 
varying amounts of cupric chloride. These mixtures 
were diluted to a fixed volume and in all cases the final 
acid concentration was 414g. litre. Optical density 
readings were made at the three peak wavelengths for 
cobalt, the results obtained being plotted in Fig. 5. It is 
seen that copper interferes at all wavelengths, the 
interference being least at 625 my. In all cases a linear 
relation exists between optical density and copper 
concentration. The nature of the copper interference is 
illustrated in Fig. 6, where absorption spectra are plotted 
of the cobaltous-copper chloride mixtures. 

In order to cover the required cobalt contents in the 
alloys to be analysed, the results obtained above indicate 
that a sample weight of 0-2 g. in a final volume of 20 ml. 
would be suitable. Using this as a basis, a closer 
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Fig. 6.-Absorption spectra showing copper interference : 
(A) no copper ; 


(B) 2mg. Cu/ml.; (C) 5mg. Cu/ml. 
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investigation of copper interference was made with 
cobaltous-cupric chloride mixtures. Copper contents up 
to 2-5°, were investigated, this limit being equivalent 
to 97-5°% removal of copper by electrolysis. The results 
obtained showed that each 1°, residual copper would 
produce an error of 0-004, 0-012 and 0-023 optical 
density units at 625, 660 and 690 my respectively. 
Consequently, it was decided to use the 625 mu wave- 
length to minimise copper interference, and, provided 
the electrolytic separation of the copper is not less than 
about 98-99%, efficient, negligible errors will be involved. 


Effects of Other Elements 


Although the method is for application to copper- 
cobalt alloys, it was decided to investigate the effect of 
other elements in order to extend the method to a wider 
range of alloys and to other samples such as corrosion 
products, ete. 

Standard metal chloride solutions were added to a 
solution containing 0-1 mg. Co/ml. All solutions were 


TABLE I.—EFFECT OF OTHER ELEMENTS 
Total volume; 20 ml.; cobalt content ; 0-1 mg./ml,=—1% Co on an assumed 0-2 g. 
sample. 


Concentration | Amount present Optical Density 


Element (mg./mil.) Reading 
5 0-008 
Sb Vv 0-5 | 5 6-601 
As V 0-2 2 0-609 
Bi Lit 0-2 2 0-609 
Od il | 1-0 10 0-608 
Fe lll 0-5 5 0-601 

I 0-2 2 0-607 
4 0-5 5 0-615 
Pt 0-5 5 0-601 

ul 0-5 5 0-601 
Po If 1-0 | 10 0-607 
Or Ul 0-2 0-672 
Or il 0-5 5 0-766 
Ni Il 0-2 | 2 0-617 
Nill | 0-5 | 5 0-650 
Nill | 1-0 | 10 0-680 
Zn I 4-0 | 40 0-618 


® Calculated for a 0-2 g. sample. 
+ Added as ortho-phosphoric acid. 


11 2-0 
RECOMMENDED ACIDITY 
1-2 
1-0 
0 
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TABLE III.—APPLICATION OF METHOD TO A BRONZE 


(Sample: B.C.S. Bronze A; cobalt added: 0-20%) 
Optical Density; Cobalt Found 

Sample Reading (%) 

Broaze with no added cobalt 0-005 0-002 

(approx.) 

Bronze with 90-20% added cobalt 0-480 0-20 
Brome with 020% added cobalt. . 0-480 | 0-20 
Bron: e with 0-20% added cobalt 0-480 0-20 
Cobal « soiution with no bronze present 0-475 0-20 


adjusted to a final volume of 20 ml., the acid concentra- 
tion being 414g. HCl/litre. Optical density readings 
were made at 625 my in a | cm. cell, the results obtained 
being shown in Table IT. 

It is apparent that the only elements in the common 
copper alloys which are likely to interfere, giving rise to 
high results, are chromium, nickel and high zinc contents. 
In order to test the effect of tin, a B.C.S. Bronze A. was 
“ synthesised ”’ to contain 0-20% Co. This sample was 
attacked with concentrated nitric acid and the preci- 
pitated metastannic acid was separated by filtration, 
using dilute nitric acid washing. The filtrate was 
adjusted to suitable acidity and the copper separated 
electrolytically. The cobalt in the electrolyte was then 
determined as in the recommended procedure described 
below. The results obtained, shown in Table III, 
indicate that any tin present can be separated as metas- 
tannic acid without any adverse effects on the results. 


Calibration 


Calibration was carried out as described below, the 
results obtained being shown in Fig. 7. Calibration is 
linear, and the slopes of the lines obtained using | em. 
and 4 cm. cells are in the ratio | : 3-99 thus indicating 
very close conformity to Beer’s Law. Further extension 
to cover other cobalt ranges can be obtained by using 
other cell widths or different final volumes of solutions. 


Accuracy 


Since no standards containing cobalt were available, 
accuracy was checked by analysing ‘‘ synthetic ’’ copper- 
cobalt standards. The results obtained are shown in 
Table IV, these having been obtained by different 
operators analysing random batches. 


Recommended Procedure 


As a result of the above work, the following method is 
recommended. 

Reagent—Hydrochloric acid, 414 g. HCl. /litre. 

Adjust concentrated hydrochloric acid (S.G. 1-18) to 
8.G. 1-175 by addition of water. Check at 20° C. with 
hydrometer. 

Spectrophotometer—Unicam 8.P. 600, or other instru- 
ment giving suitable wavelength selection of 625 my. 

For cobalt up to 0-04 mg./ml. (i.e. up to 0-4% Co on 
0-2 g. sample in 20 ml.) use 4 em. cells. 

For cobalt from 0-04 to 0-15 mg./ml. (i.e. 0-4°,,— 
1-5% Co on 0-2 g. sample in 20 ml.) use 1 em. cells. 


TABLE V.—ACCURACY ON “SYNTHETIC " COPPER-COBALT MIXTURES 


Cobalt Added Cobalt Found 
(%) (%) 
0-10 O11 O11 0-12 O11 O11 0-13, 
0-50 0-53 0-50 0-53 0-52 0-49 0-50 0-51 
1-00 1:01 1-00 1-00 1-02 


0-8 
0-7 
= 
| | 
A 
05 7 


A 0-2 0-4 0-6 08 1-0 12 1-4 
0-1 02 03 06 OQO7 
COBALT —per cent 


Fig. 7._-Calibration curves at 625 my, :( A) lcm. cells ; 
(B) 4cm. cells. 


Procedure 

Transfer 0-2 g. sample to a 100 ml. tall beaker. Dis- 
solve in a minimum amount of concentrated nitric acid 
(S.G. 1-42). Evaporate almost to dryness to remove 
excess acid, then add about 50 ml. of water. Boil to 
dissolve salts, and if any metastannic acid separates, 
digest hot for about half an hour and then filter through 
a Whatman No. 40 filter paper, washing with hot 2°, 
nitric acid. Electrolyse the solution with platinum 
electrodes to separate the copper. When deposition is 
judged to be complete, add a little water to the electrolyte, 
thus raising the level of the latter to cover a fresh surface 
of the cathode. Continue electrolysis for a further 10-15 
mins. in order to determine if any further deposition 
occurs on the newly immersed part of the cathode. After 
ensuring correct removal of copper, remove the electro- 
lyte from the electrodes without switching off the current 
and rinse the electrodes with a little distilled water. 
Evaporate the solution to dryness. Add a few drops of 
concentrated hydrochloric acid (S.G. 1-18) to the residue 
and again evaporate to dryness to ensure removal of the 
nitric acid. Finally dissolve the residue in a few ml. of 
cold hydrochloric acid 8.G. 1-175. Wash the resulting 
solution into a 20 ml. graduated flask, washing and dilut- 
ing to the mark with hydrochloric acid. Measure the 
optical density on the spectrophotometer at a wavelength 
of 625 mp, using hydrochloric acid 8.G. 1-175 as com- 
pensating solution. Convert optical density to percentage 
cobalt by reference to the calibration curve. 


Calibration 


Prepare a standard cobalt solution as follows. Dis- 
solve 0-1 g. of Matthey “Specpure’”’ cobalt sponge 
(No. J.M. 870) in about 10-20 ml. of aqua regia: when 
dissolved evaporate to dryness. Moisten the residue 
with concentrated hydrochloric acid (S.G. 1-18) and 
evaporate to dryness. Dissolve the residue in cold 
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hydrochloric acid 8.G. 1-175 and dilute with this acid to 
500 ml. in a graduated flask. 
1 ml. = 0-2 mg. Co. = 0-1% Co on 0-2 g. sample. 

For calibration, add the cobalt solution by burette to 
20 ml. graduated flask. Use 1, 2, 3, 4.ml. for the low 
cobalt range up to 0-4°, and use 3, 6, 9, 12, 15 ml. for the 
higher cobalt range up to 1-5°,. Measure the optical 
densities of these solutions at 625 my. in 4 em. cells for the 
low range and | em. cells for the high range, using 
hydrochloric acid, 8.G. 1-175, as compensating solution. 
The calibration curves should be linear, passing through 
the origin. 


Detection of Traces of Oxygen in Gases 
The Methylene Blue Method 


Acknowledgment 
The author wishes to thank the English Electric Co., 
Ltd for permission to publish this paper. 


REFERENCES 


1 Dawson, L. R. and Chandet, J. H., J. Chem. Phys., 1951, 19, 771 
2 Desesa, M. A. and Rogers, L. B., Anal. Chim. Acta., 1952, 6, 534 
3 Friedman, H. L., J. Amer. Chem. Soc., 1952, 74, 5 


1914, 86, 241 
78, 427 
1940, 13, 333 


4 Hiittner, C., Z. anorg. Chem., 
5 Heinz, W., Z. anal. Chem., 1929 
6 VPinsl, H., Arch. Kisenhiittw., 


7 Gagnon, J., Chemist Analyst, 1954, 43, 15 

8 Foulke, D. G., Metal Finishing, 1948, October, 58 

9 Rohde, I. and Vogt. E., Z. Phys. Chem., 1952, BIS, 355 

10 Howell, PD. R.. and Jackson A., J. Chem. Soc., 

41 BLS. 976: 1957 
ebloric Acid. 


1936, 1268. 
Density Composition Table for Aqueous Solutions of Hydro- 


By P. S. Davis 


Australian Atomic Energy Commission, Lucas Heights, N.S.W. 


A simple method for the detection of traces of oxygen in gas streams is described. 
method is based on the colour change which occurs when leuco-methylene blue is oxidised 


The 


to methylene blue. Suggested uses of the method are in argon-are welding and glove-box 
work where oxygen must be excluded. 


HILE such instruments as the Hersch galvanic 

\X oxygen meter! and the mass spectrometer* are 
used for the accurate determination of traces 

of oxygen in gases, there is a need for a simple, inex- 
pensive monitoring device which can indicate the 
presence of oxygen in a gas. The instrument described 
below was developed to meet a need in the argon-are 
welding of stainless steel pipes, where the presence of 
even small amounts of oxygen was found to result in 
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Fig. 1-—-Sketch of the oxygen indicating apparatus 
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imperfect welds. It may also be suitable for use as a 
monitoring device on glove-boxes when oxygen must be 
excluded. The apparatus consists of a glass tube con- 
taining reduced methylene blue reagent, through which 
is bubbled the gas being tested. When the oxygen 
concentration of the gas rises above 100 p.p.m. v/v 
the liquid develops a blue colour. 


Apparatus and Reagents 
The apparatus (Fig. 1) consists of a Pyrex test-tube 
15 em. long, fitted with a B40 standard ground socket. 
Inlet and outlet tubes are sealed into a B40 cone as 
shown. A three-way tap is included in the inlet side and 
a standard tap on the outlet. The incoming gas is broken 
into fine bubbles by passage through a sintered glass disc. 


Stock Solutions 
(i) 0-3°% aqueous methylene blue. 
(ii) 1-0°% lactose solution (to which is added a small 
quantity of thymol as preservative.) 
(iii) 0-1M sodium hydroxide solution. 
All concentrations are approximate. 


Indicator Solution 

It has been found advisable to prepare the indicator 
solution daily. To 100 ml. of distilled water or tap 
water is added | ml. of each of the three stock solutions. 


Method 

100 ml. of the bright blue, freshly prepared indicator 
solution are placed in the test-tube and the apparatus 
is assembled with the taps open. ‘The test-tube is heated 
by means of a bunsen burner and the contents are boiled 
until the methylene blue is reduced and the solution 
becomes colourless (about 3 min.). The heater is then 
removed, both taps are closed, and the apparatus is 
cooled to room temperature. If the apparatus is air- 
tight no air will leak in during cooling and the indicator 


| 
Cc 
8 
WN 
4 a 
| 
49 
< 


solution will remain colourless. The apparatus is now 
ready for use. 

The gas stream to be tested is connected to the inlet 
tube A (Fig. 1) and the three-way tap is turned so that 
the gas flows out through the by-pass. When the inlet 
tube has been flushed out, the tap B is turned so that 
the gas flows directly into the bubbler. When bubbles 
start to appear the tap C may be opened. 

Gas containing less than 100 p.p.m. v/v of oxygen 
may be passed through indefinitely and the indicator 
solution will remain colourless. When the oxygen 
concentration of the incoming gas reaches 100 p.p.m. 
v/v the indicator solution will develop a faint but 
definite blue-green colour. As the oxygen concentration 
further increases, the blue colour becomes more intense. 


Experimental 


The calibration procedures were carried out using 
electrolytically generated oxygen, known amounts of 
which were added to “ oxygen-free ’’ nitrogen. The 
amount of oxygen in the nitrogen was measured inde- 
pendantly by use of the Hersch galvanic oxygen meter 
and was found to be 14 p.p.m. v/v. Details of the 
electrolyser and oxygen meter are given by Hersch.! 
Gas flow rates were measured by a Venturi flow-meter. 
Effect of Varying Oxygen Concentrations on Indicator 


 Oxygen-free ’’ nitrogen was bubbled through the 
prepared indicator solution at the rate of 100 ml./min. 
The oxygen content of the gas was increased step-wise 
and the effect on the indicator was noted: the results 
are set out in Table I. 
TABLE I.—EFFECT OF VARYING OXYGEN CONCENTRATIONS ON 
INDICATOR 


. Oxygen Concentration in Nitrogen 
(p.p.m., v/¥) 


Effect on Indicator 
No colour developed 
No colour developed 
No colour developed 
Faint, persistent greenish-blue 
Faint blue 

| Increased intensity of blue colour 

Deep blue colour (not as intense 
in colour as original indicator.) 


Effect of Passage of Oxygen-free Gas through Oxidised 
Indicator 
“ Oxygen-free 
was bubbled through the oxidised (blue) indicator 
solution, kept at room temperature, at the rate of 100 


nitrogen (< 20 p.p.m. v/v oxygen) 


ml./min. for 18 hr. The solution was not decolourised. 


Effect of Passage of Oxygen-free Gas through Reduced 
Indicator 
“ Oxygen-free ’’ nitrogen (< 20 p.p.m. v/v oxygen) 
was bubbled through the reduced (colourless) indicator 
solution, kept at room temperature, at the rate of 
100 ml./min. for 18 hr. The solution remained colourless. 


> 


Discussion 


Methylene blue is widely used as a redox indicator 
in biological studies. Its use by Thunberg in demon- 
strating the presence of dehydrogenases in tissues is 
discussed by Baldwin.* Methylene blue has also been 
used as the basis of other tests for the presence of 
oxygen in gases‘ and the determination of oxygen in 
gases.° 

The test described here is based on the fact that in 
mildly alkaline solution, reducing sugars such as lactose 
are readily enolised at elevated temperatures, so that in 


the concentration range used, methylene blue will be 
reduced by the lactose when boiled, but not in the cold. 

It is evident from the experimental findings, that 
the device described above is suitable for the detection 
of oxygen in pure nitrogen in amounts of 100 p.p.m. v/v, 
or greater. Where interfering gases such as hydrogen 
sulphide may be present, a second gas bubbler containing 
oxidised indicator may be included in the circuit. 
Where interfering gases are present the oxidised indicator 
will be reduced in the cold. 

REFERENCES 

1 Hersch, P., /nstrument Practice, 1957, 817-833 and 937-941. 
2 Robertson, A. J., ‘‘ Mass Spectrometry," 1954, Methuen, p. 84. 


3 Baldwin, E., “‘ Dynamic Aspects cf Biochemistry,” 1948, Cambridge University 
Press. 

4 Riemisdijk Mvan, Nederlands Tijdschr. Geneeskunder, 1922, 66, 1.1423-7. 

& Kling, A. and Claraz, M., Compt. rend., 1936, 208, 319-321. 


Measuring Hydrogen in Steels 


Ir is generally not appreciated that a large number of 
common gases are soluble in solid metals, even at ordin- 
ary room temperature, and such gases can have far- 
reaching effects on the way in which the metals behave 
when subjected to forging and welding. Because of the 
importance of these processes, there is a growing interest 
in possible ways of measuring the amount of gas dis- 
solved. 

The British Welding Research Association has recently 
described a new rapid technique for measuring the 
quantity of hydrogen dissolved in steels. Hitherto, the 
determination of hydrogen in steel has generally been 
made by heating the sample to about 600-700° C. 
under a high vacuum, when the gas is drawn out in 
much the same way as dehydration of materials can be 
effected by a combination of heat and vacuum. The 
vacuum system required for this method, however, is 
expensive and fragile and the analysis takes quite a long 
time. 

The new B.W.R.A. technique, which was described at 
a recent symposium on “ Determination of Gases in 
Metals,” organised jointly by the [ron and Steel Institute, 
the Institute of Metals and the Society for Analytical 
Chemistry, uses a carrier gas principle. In this, argon, 
an inert gas, is passed over the sample of steel, which is 
heated in a furnace. The gas evolved is swept along to 
a hydrogen-sensitive cell from which the result is plotted 
directly on to an electrical graph recorder in the form of 
a peak. The system is so accurate that as little as 
1 p.p.m. hydrogen can be detected and measured. The 
analysis time with this apparatus is 15 minutes compared 
with about 2 hours for the more usual instrument. A 
patent application has been made. 


Vacuum Induction Furnace Order 


A 1217 lb. (steel) capacity vacuum induction furnace 
for the Permanent Magnet Association is at present under 
construction in the works of Wild-Barfield Electric 
Furnaces, Ltd., of Watford. The equipment can be used 
for melting, alloying, casting, sintering and degassing. 
It will, however, be used primarily for melting in vacuo 
aluminium-nickel-cobalt-iron alloys for research work 
into permanent magnet materials. The vacuum chamber 
is of stainless steel, 30 in. diameter « 32 in. long, 
mounted horizontally, and equipment includes mech- 
anism for viewing, charging, alloying, pouring, cover 
lifting and bridge breaking. The pumping system is 
capable of obtaining pressures down to 0-5 microns. 
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IRRADIATION DAMAGE 
IN SOLIDS 


ATOMIC ENERGY RESEARCH ESTABLISHMENT, HARWELL, BERKS. — 
invite applications from 


PHYSICISTS AND METALLURGISTS. 


interested in studying the basic mechanism of radiation 
damage in metals and ceramics, both fissile and non-fissile. 


The work covers a large field on such topics as the displacement of 


atoms, the swelling of fissile materials during irradiation, irradiation 


The usual excellent research facilities hardening and the direct observation of irradiation effects using 
are available. Frequent colloquia the electron microscope. The object of the work is the under- 
and discussions are held and the standing of the damage produced by fast particle bombardment 


: publication of results is encouraged. and the mechanism by which this damage alters the physical and 
metallurgical properties of materials. Being relatively new, the 


subject offers great scope for progress in a rapidly developing field. 


Considerable effort will be made to give applicants appointed a choice in their field of study and an 


opportunity to apply techniques they are already interested in. 
A first or good second class honours degree is required, but previous experience is not necessary. | 
However the emphasis will be on the basic nature of the work and an interest in this type of work 


is essential. 


| For further details send Post Card to Personnel Manager (1 599/126) 


| U.K.A.E.A., A.E.R.E. 


Harwell, Didcot, Berkshire. 
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Trub Tauber 


electron diffractograph 


for determining the crystalline structure of surfaces, thin layers, and 


extremely small quantities of material—for microbeam electron diffraction 
and kinematic electron diffraction by the Boettcher method. 


%* Balanced optical system # Devices for heating and cooling the 

#* High resolving power test specimens 

* Efficient vacuum system # Devices for discharging, etching, surface 

#* Kinematic recorder evaporation 

* Large range of specimen holders for # Various cameras for photographic re- 
various methods of investigation cording on plates and films 


other equipment includes ELECTRON EMISSION MICROSCOPE - ELECTRON MICROSCOPE 
NUCLEAR MAGNETIC RESONANCE SPECTROGRAPH - ELECTRON RESONANCE SPECTROGRAPH - DOUBLE 
BEAM, HIGH TENSION OSCILLOGRAPH - QUADRUPLE BEAM HIGH TENSION OSCILLOGRAPH 


Sole agents in Great Britain 


H. Tinsley & Co. Ltd. 


Werndee Hall, South Norwood, S.E.25 Tel: ADDiscombe 6046-8 


MECHANICAL WORLD YEAR BOOK 
for 1960 


The engineer to-day requires an increasing volume of data for everyday use. The specialized collection 
of mechanical information in the MECHANICAL WORLD YEAR BOOK reflects this high rate of 
amplification and presents it with characteristic conciseness. 


360 pages ILLUSTRATED 5/- NET (by post 5/9) 
BRIEF OUTLINE OF CONTENTS 

The Use of Cold-Formed Sections in Structural Cylinders and Pans ° Logarithms 
The Design of Gas Turbine Plants Press Work , ‘ Trigonometrical ratios 
Engineering Materials ‘ Toothed Gearing Decimal Equivalents of £1 
Ferrous Alloys . Production of Gears Metric and British Conversion Tabies 
British Weights and Measures 

earing Metals , Equivalents of Imperial and Metric ‘Wei hes and 
Heat Treatment TABLES 
Hardness Testing Steam and Thermometric Tables Hydraulic Equivalents 
The Light Alloys Pipes and Tubes : ' Displacement Table 
Die-casting Standard Gauges Pressure and Head of Water 
Plastics Screw Threads . ; Weight and Specific Gravity of Miscellaneous ae 
A Review of Progress in the Steam Cycle and the per- Cutting Speeds and Feeds Broken Coal in Bulk 

formance of Steam Turbine Plants Tapers , Brassfounders’ Metal Mixtures 
Metal Finishing . Tolerances and Fits ‘ Babbice Meral 
Horse-power per 100 ft. of Horizontal Conveyor V-ropes, Ropes, Belts and Keys Selected British Standards ene to eomntens 
Lubricating Oils ‘ Strength and Properties of Plates, Bars, Sections, etc. Engineering : 
Machine Tools Physical Properties of Materials a i Calendar for 1960 R 
Pumps : Their Choice and Driving Weight Calculating Tables ; Export Credit Guarantee Dept. 
Steam Boilers Decimal Equivalents . Classified Buyers’ Stemery 
Boiler Mountings, Fitting, ‘and Instruments Radius (Corner) Area ; Index to Tables . 
External Pressure on Tubes Price Equivalents General Index 


Copies may be now ‘threngh any bochesiier or direct from the Publishers, 
EMMOTT & CO. ve. & 31 thet: Street want, Manchester 3; and 158 Temple Chambers, Temple Avenue, London, E.C.4 


—— 
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NOW THE 


FORCED-AIR FURNACES 


BY 


SIMPLIFIED CONSTRUCTION IMPROVES 
PERFORMANCE AND KEEPS COST DOWN. 


What’s more, there is no sacrifice of quality. Con- 


alr dryi ng eq uip me nt struction is rugged; high grade materials are used 


L throughout; control is fully automatic and the latest 

safety devices are incorporated. P 
Lectrodryers give you absolute control of moisture. The centrifugal fans are large enough to cope with q 
A complete range of equipment is offered: for the densest loads, and temperature variation is practically 
atmospheric or high-pressure conditions, for very small tL nil when working on control. 
or very large volumes, for air, gases and certain Little maintenance is required. All working parts + 
organic liquids. Also available are standard dehumidifier are easily accessible, and element replacement is quick 
units for air conditioning. and simple, no major dismantling being required. 
The basic clement of a Lectrodryer is - adsorber These furnaces have a wide range of applications, 
unit, which is reactivated by heat to maintain constant be and will deal quickly and accurately with both dense 


high efficiency. Lectrodryers intended for continuous 
operation have multiple adsorbers, the flow being 
switched to allow reactivation. Such units can be 
equipped for manual or completely automatic control. 


and loose loads. 


Dual-adsorber Budget Air Dryer, 
used where extremely dry air ts 
required in small volumes up to 
20 c.f.m. This unit weighs only 
68 pounds. 


Air dryer as used in high 
pressure compressed air 
installations —600 sq. in. 


see 


ELECTRIC HORIZONTAL 
| FORCED-AIR CIRCULATING FURNACE 


Model H F A 5. Internal dimensions 24 in. x 24 in. . 
x 24in. Rating 24 KW. Also available with mechanically 


| 
An air conditioning dryer Latest operated door. 
of the type used in such design of fully . VERTICAL MODEL ALSO AVAILABLE 
plants as sweet factories. automatic instrument air dryer. iy. ‘ 
> Our new catalogue containing full details of our 
| products is now available on request. Please 7 


write for a copy. 


Industrial Heating Specialists 


| Estate, S. Woodford, , E.18. 
G.W.B. FURNACES LTD. DIBDALE WORKS, DUDLEY, WORCS \ Commerce E.18 


Associated with Gibbons Bros. Led., and Wild-Barfield Electric Furnaces Ltd. GWB24 . 
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a complete range of 
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itive answer to 


problem 


BOLTON’S COPPER WATER SERVICE TUBES — TBS 659 
Research has shown that copper water service tubes have failed by pitting 
corrosion occurring in certain “aggressive” waters when the bore of the tubes 
contained broken films of red cuprous oxide scale or of carbon and carbonaceous 
matter formed during manufacture of the tubes. 


Rin cage Bolton’s have therefore introduced a final mechanical cleaning process which 

positively ensures the complete removal of all such films, thus permitting 
Tubes finished >a the new them to give an unqualified assurance that all Bolton water service tubes 
process carry ¢ incised 


identification marking | comply with the requirement, contained in B.S.659, that such tubes shall be 
TBS 659 at approximately “free from harmful defects and deleterious films in the bore.” 


24 in. intervals. 


Look out for the new mark TBS 659 — it is your safeguard! 


THOMAS BOLTON & SONS LTD 


Head Office : Mersey Copper Works, Widnes, Lancashire. Telephone : Widnes 2022 
London Office & Export Sales Dept: 168 Regent St., London, W1., Tel. Regent 6427 


of precision casters 
in the U.K. are using 


RMC crucibles 


RMC crucibles in use by Trucast Ltd 


@ Made to individual requirements 
©@ Rapid delivery © Close tolerances 

@ Good resistance to thermal shock 

@ Erosion resistant @ Fewer inclusions 
© For temperatures up to 2000°C. 


WELL-KNOWN USERS INCLUDE: 


Bristol Siddeley Engines Ltd. - C.E.M. Ltd. 
David Brown Industries Ltd. - Rolls-Royce Ltd. 
De Havilland Engine Co. Ltd. - Hadfields Ltd. 
Metropolitan-Vickers Electric Co. Ltd. 

English Steel Corp. Ltd. - Fairey Aviation Ltd. 
Firth-Vickers Stainless Steels - G.L. Willan Ltd. 
The Mond Nickel Co. Ltd. - D. Napier & Sons Ltd. 
Jessop-Saville Ltd. 


REFRACTORY MOULDINGS AND CASTINGS LIMITED 


KEGWORTH, NR. DERBY TELEPHONE: KEGWORTH 429 TELEGRAMS: AREMCEE, eomntes 
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SINTERING and BRAZING 


BULAR FURNACE FITTED WITH 


OF GERMANIUM. 
MAXIMUM WORKING TEMPERATURE 1,000°C. 


TAPPED TRANSFORMERS ARE FITTED WITH SWITCHES TO 
GIVE VARIABLE INPUT CONTROL AS REQUIRED, FOR A 


SPECIFIC WORK LOAD. 


Works: 183 LIVERPOOL ROAD, TRADING ESTATE, SLOUGH, BUCKS. 


FURNACES 


Head Office: 1242-130 EDINBURGH AVENUE, TRADING ESTATE, SLOUGH, BUCKS. Te/ : SLOUGH 21143 & 24746 
Telegraphic address : SINTBRAZ SLOUGH 


® ILLUSTRATION SHOWS A 3 ZONE .* BORE HYDROGEN 
U ULLY AUTOMATIC 
TEMPERATURE CONTROL AS USED FOR THE REDUCTION 


LTD 


CONTROL PANEL IS FITTED, WITH ‘HONEYWELL BROWN ' 
PYR-O-VANE TYPE CONTROLLERS, AMMETER, VOLTMETER, 
ISOLATION SWITCH AND NECESSARY CONTACTORS, 


AUTOMATIC DOOR GAS FLOODING VALVES ARE CON- 
TROLLED VIA MAGNETIC SOLENOID MECHANISM. 


OTHER SIZES ARE AVAILABLE. 


ANDREWS 


and COMPANY LIMITED 


HIGH-GRADE STEEL MAKERS 


HIGH SPEED STEELS 


“MONARCH” 
“HARDENITE”” 


“NE” 


THE HARDENITE STEEL COMPANY LIMITED 


Telephone Telegrams 
SHEFFIELD 22131 SHAFTING, SHEFFIELD, 4 


FERRO ALLOYS 


of 

TUNGSTEN MOLYBDENUM 
VANADIUM & TITANIUM 
also 

PURE CHROMIUM 
AND MANGANESE 


IMMEDIATE DELIVERY FROM STOCK 
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MINWORTH, SUTTON COLDFIELD, WARWICKSHIRE 
Telephone: Birmingham ASHfield 1114 


43.4 i 
| 
for 
j 
ROYDS WORKS AND 
HARDENITE STEEL WORKS | 
ATTERCLIFFE ROAD, SHEFFIELD, 
Export Department 
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HIGH — FURNACE 


The illustration shows a 
complete heating unit for a 
high frequency furnace, which 
can be used without any risk 
of contamination from carbon. 
The unit is designed for 
temperatures up to 2000 C. in 
vacuum. The susceptor itself is 
fabricated in pure Tantalum, 
while the inner shields are 
made in Tantalum and the outer 
shields in Molybdenum. 


The unit shown was 
manufactured for the 
Research Department 
of Imperial Chemical 
Industries Limited, 
Metals Division. 


MUREX LIMITED (Powder Metallurgy Division) RAINHAM ~- ESSEX 
Telephone: Rainham, Essex, 3322. Telex 28632. Telegrams: Murex, Rainham-Dagenham Telex 
London Sales Office: CENTRAL HOUSE, UPPER WOBURN PLACE, W.C.!. Telephone: EUSton 8265 


have you a problem to do with 
metal preparation, rust removal 
or corrosion prevention? 

YOU HAVE? then read on.... 


WESTOLITE Rust Remover 


FERRIC SULPHATE This is supplied in two forms: liquid and thixotropic. The former is recom- 
mended for dipping batches of ferrous metal goods. It is a particularly 
As a pickling agent results in rapid, clean and fume efficient phosphating material which combines effectively with the surface 
free method of descaling stainless steel, copper and metal to produce a protective non-rusting layer. Thixotropic Westolite has 
brass and an improved method of etching mild been developed for use on industrial plant, structural steelwork, and in 
steel surfaces prior to coating. Non-fuming, non- immersion In form 
: 7 estolite becomes temporarily free-flowing when applied with a brush bu 
toxic, safely handled. Full technical details available after application resumes its paste-like consistency. Advantages include, 
on application. adherence to vertical surfaces, no drips and no wastage. Technical details 
available on application. 


TECHNICAL ADVISORY SERVICE E. & A. WEST LTD. also manufacture or supply a whole range of 


E. & A WEST LTD., can provide the answer 

te most problems seiating 00 the peeparation industrial chemicals including Dipping Acid, Nitric Acid, and 

of metal rust removal and corrosion cee 

prevention. Our Technical Advisory Service Hydrofluoric Acid. Full details on request. 

is at the disposal of industry and will be glad 

to get to grips with your particular problem 

‘The answer may even be in their impressive E. & A. WEST LIMITED., 

to call them in. The service is quite free and arcel Terrace, Derby. Telephone: Derby 45008. q 3 s 

non-obligatory. W E Ss 
CHEMICALS FOR INDUSTRY 
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pure 


the WEST 


In regular production and available in 
commercial quantities. 


CAPPER PASS & SON LIMITED 
NORTH FERRIBY YORKSHIRE ENGLAND 
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THE 
ELECTRICAL YEAR BOOK 
for 1960 


ELECTRONIC DEVICES MOTORS LIGHTING 
TRANSISTO TRANSFORMERS METERS 
CONTROL GEAR TESTING 


RS 
MAGNETIC AMPLIFIERS 
ONIcS 


ULTRAS TABLES, etc., etc, 


RECTIFIERS 


359 pages ILLUSTRATED 


BRIEF OUTLINE OF CONTENTS 


General information—Electrical Units, etc. 
Alternating Current Systems 

Superimposed Control 

Electrical Calculations 

Condenser Calculations 
Mechanical and Electrical Unit Equivalents ; 
Power Consumption of Electrical nogranems 
Symbols and Abbreviations ° 

Space Heating : 

Thermal-Storage Heaters 

Water Heating Systems 

Direct-Current Generators 


ELECTRONIC DEVICES 


Transistors . 

Electric Motors 

Magnetic Amplifiers 

Dynamo and Motor Defects 

Ultrasonics 

H.P. to Drive Machinery 

Insulation and Gated Capacity of Machines 


CARE OF ELECTRIC MOTORS 


Transformers and Converting Plant 
Electric Braking m 
Safety Precautions with Portable Electric Tools 
Transmission and Distribution Tariffs . 4 


CONTROL GEAR 


Care of Control Gear 
Interference Suppression . 
Clutches and Couplings 
Switchgear and Switchboards . 
Automatic Protection 
Electric Lifts 

Rectifiers 


ELECTRIC LIGHTING 


FLUORESCENT LAMPS 
Regulations for the Electrical of 
Electric Wiring 

Meters and Measuring Instruments 

Electrical Measurements and vores 

Localisation of Cable Faults 

Testing Sets 

installation Tests 

Impedance Tests 

Earth-Leakage Trips 

Radio-Frequency Heating 


TABLES 

B.S. Whitworth Black Bolts ont outs ‘ 
B.A. Screw Threads . 
B.S. Fine Screw Threads . . 
Relative Weights of Patterns and Castings ‘ 
Compound Conversion Factors 
Conversion Tables . 

Metrical Equivalents of British Imperial Weights ‘and Measures 
Price Equivalents 

Decimal Equivalents 

Circle-Spacing Table 

Areas and Circumferences of Circles 
Squares, Cubes 

Gauges 

Logarithms . 

Powers and Roots of Useful Factors 
Trigonometrical Tables 

Vector Algebra 

Calendar for 1960 

Export Credits Guarantee Department 
— Index to Advertisements 


Copies may be ordered throu 
from the Publishers, EMMOTT & rp 


West, Manchester 3; and 158 Tem 
Avenue, London, 


Bookseller or direct 
. LTD., 31 King Street 


4/- NET (by post 4/6) | 


| 


Chambers, emple 


_BLACKWELLS METALLURGICAL WORKS LTD. 


125 Kva 


Radio-frequency Valve Sets 


of this capacity are rare! ! 


Have you a surface hardening 
problem we can help with ? 


Write or phone us for full information 
FLAME HARDENERS LTD. 
Shorter Works, Bailey Lane, 
Sheffield, 1, 


Telephone: 21627. 


FOR ALLOYS 


SILICON e MANGANESE e ALUMINIUM 
NICKEL e NICKEL ALUMINIUM e BORON 
TITANIUM CHROMIUM e RUTILE COPPER 


Since 1869 Blackwells have been recognised 
pioneers in Metallurgical development. 


Their Technical Advisory service is unique, 
and your enquiries on your particular problems 
are invited. Get in touch today with :-— 


Thermeta! House, Garston, Liverpool If 
"Phene: Garsten 980 "Grams: Blackwell,”” Liverpee! 
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CLASSIFIED ADVERTISEMENTS 


SITUATIONS 


VACANT 


ASSOCIATED ELECTRICAL 


tory handling a wide range of materials. 


Trafford Park, Manchester, 17. 


AED 


The Company's Research Department, 
Che:nists with experience of inorganic and metallurgical work, for a labora- 


Please write for application form, quoting reference No. 15 to: 


Personnel Manager, Associated Electrical 


INDUSTRIES LIMITED 


at Trafford Park, require Analytical 


Industries (Manchester) Ltd., 


DUTIES : 


QUALIFICATIONS : 


SALARY : 
£A1,235-£A1,620 


* Permanent Appointment 


* Initial accommodation arranged. 


METALLURGIST 


RESEARCH LABORATORIES 
AUSTRALIAN POST OFFICE—MELBOURNE 


Research into properties of metallic protective coatings, investigation 
of metallurgical failures, analysis of metals, etc. 


Science Degres preferably with Honours or equivalent. 
in Metallurgical Research an advantage. 


Commencing rate according to experience and qualifications. 
* First-class passages for appointee and dependents. 


* Salary from date of embarkation. 
APPLICATIONS TO: Australian Post Office 
Australia House [Strand, London, W.C.2. 


Applications to: Australian Post Office Representative, Australia House, 
Strand, London, W.C.2., by 8th August, 1960. 


Experience 


Representative, 


D. NAPIER & 


ferrous and non-ferrous analysis. 
standard. 


Experience of A.I.D., D.I. (Arm) ete., 
be an advantage. 


forwarded to : 
quoting reference 814M. 


LUTON AIRPORT, 
BEDS. 


A Metallurgical Chemist is required, age 25-35, experienced in all types of 
Applicants should have a good general 
metallurgical background and be qualified to at least H.N.C. or L.I.M. 


Pension Scheme, first class recreation and canteen facilities are available, 
Salary would be in accordance with qualifications and experience. 


Applications in writing, which will be treated in confidence, should be 
Dept. G.P.S., Marconi House, 336/7 Strand, London, W.C.2., 


SON LTD., 


requirements and approvals would 


RADIOLOGIST required to take charge 

of X-Ray and Gamma Ray Depart- 
ment attached to Investment Foundry 
at Redditch. A.I.D. approval a necessity 
for ferrous alloys, and preferably for 
light alloys and brass. Write, giving 
details of age, experience and salary 
required to Box No. MV89. 
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RESEARCH ASSISTANT for metallo- 

graphic laboratory required. Know- 
ledge of special techniques, such as 
electron microscopy an advantage. Salary 
according to qualification and experience. 
Write : Research Superintendent, British 
Non-Ferrous Metals Research Association, 
Euston Street, London, N.W.1. 


SITUATIONS VACANT continued 


PLUTONIUM STUDIES 


THE UNITED KINGDOM ATOMIC 


| ENERGY AUTHORITY 
. 

require scientific staff to carry out 
| research and development work on the 
| reaction of gases with plutonium and its 
| alloys, the preparation of plutonium 
bearing alloys and compounds and their 
stability in various environments. The 
work will be supported by examinations 
on the Electron Microscope and Micro 
beam Analyser. Publication of the results 
of this work will be encouraged. 


Candidates should have a good honours 
degree in Chemistry, Physics, Metallurgy 
or the equivalent. 


SALARY: £690-£1,710 according to 
age, qualification and experience. 


Superannuation Scheme. A house, 
substantial assistance with pur 
chase, will become available for married 
officers living beyond daily travelling 
distance. 


house 


For application form send postcard (or 
letter) to the Senior Recruitment Officer, 
A.W.R.E., Aldermaston, Berks. Please 


quote ref, 2697/126. 


APPLICATIONS are invited by a firm 
*” in the Leeds area for a graduate 
physical chemist (25/30) preferably with 
some industrial experience. The works 
| are engaged in the making of precision 
forgings for the aircraft industry and the 
plant includes extensive  electro- 
chemical section. The successful appli- 
cant will work in close contact with the 
production departments as well as with 
the works metallurgist and his duties 
will include the control of the chemical 
laboratory. Replies should state all 
details of education and previous ex- 
perience, indicating the salary range 
expected to Box No. MV86, 


BRISTOL SIDDELEY ENGINES 
| LIMITED 
Pallion, Sunderland 
require the services of a 
METALLURGIST 
Applicant for this position should 


| be between 27-40 years of age and 


have experience in the following 
} fields : 
| Mechanical and non-destructive 


testing, heat treatment of ferrous 
and non-ferrous alloys and electro- 
| plating., Qualifications desired are 
H.N.C. (Metallurgy), L.1.M. or 
equivalent. 

Applications stating age, quali- 
fications and experience should be 
sent to the Personnel Officer at the 
above address. 
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CLASSIFIED ADVERTISEMENTS 


SITUATIONS VACANT —contiued 


| NASHTON | 


of electronics and 


sion scheme. 


the Sales Manager 


A SALES ENGINEER 


is required for the Midland and North of England areas. The man we require 
must have sales experience and a knowledge of Metallurgy. An understanding 
process control would be a great advantage. 
will be according to his experience, a car will be provided and there is a pen- 


Please write with full detalls, marking the envelope CONFIDENTIAL to 


NASH AND THOMPSON LIMITED, HOOK RISE, 
TOLWORTH, SURBITON, SURREY. 


The salary 


OYAL MILITARY COLLEGE OF 
SCIENCE, Shrivenham, Berks., re- 
quires GRADUATE DEMONSTRATORS 
(male) in CIVIL, MECHANICAL and 
ELECTRICAL ENGINEERING, PHYS- 
ICS, METALLURGY and BALLISTICS. 
Teaching is at University level. Demon- 
strators required to assist in supervision of 
Students’ laboratory work and in research 
undertaken by Staff and Students. 
Extensive well-equipped laboratories. 
Demonstrators encouraged to engage in 
personal research towards higher degree. 


Quals.: Ist or 2nd class hons. degree or 
equiv. Salary range: £650-£785 with 


superannuation under F.S.8.U. Appoint- 
ments normally for 3 years but may be 
extended. Quarters available for single 
men; possibility of houses for married 
men. Forms from Ministry of Labour, 
Technical and Scientific Register (K), 26, 
King Street, London, S.W.1, quoting 
A.266/OA. 


SENIOR ASSISTANT (SCIENTIFIC) : 
DEPARTMENT OF SCIENTIFIC 
AND INDUSTRIAL RESEARCH. Pen- 


sionable post at NATIONAL ENGI- 
NEERING LABORATORY, East Kil- 


bride, Glasgow, for man or woman at 
least 30 on 1.6.60 to control small HEAT 
TREATMENT SHOP. Qualifications : 
School Certificate with credit in English 
and a science subject, or an equivalent 
(or higher) qualification. Candidates who 
have satisfactorily completed second 
year (S2) of O.N.C. may apply. Practical 
knowledge, and at least 2 years’ recent 
experience of heat treatment operations, 
including salt bath and controlled atmos- 
phere, essential. Men’s salary scale 
£755-£1,010. Housing available for 
married staff. Write Civil Service Com- 
mission, 17 North Audley Street, London, 
W.1. for application form quoting 8/5168 / 
60. Closing date Ilth August, 1960. 


METALLURGISTS 
required to work with teams investi- 
gating the physical metallurgy of mate- 
rials for mine supports, mining tests and 
other purposes. A knowledge of ferrous 
metallurgy and modern laboratory prac- 
tice is desirable. Applicants should have 
O.N.C. or H.N.C. in Metallurgy. 

Write for application form to the 
Personnel Officer, Mining Research Estab- 


lishment, Worton Hall, Isleworth, quoting 
ref. X/1831/2F, before 27th July, 1960. 
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MINISTRY OF AVIATION require 
METALLURGIST to control 


Materials Laboratory at Inspectorate of | 


Fighting Vehicles and Mechanical Equip- 
ment, Test House, Farnborough, Hants. 
Laboratory is engaged in metallurgical 
examination of production and service 
components and weld tests to establish 
causes of failure. Duties: to report on 
completed investigations, to control staff 
carrying out mechanical tests, metallo- 
graphic examination, ultrasonic and mag- 
netic methods of flaw detection and to 
develop inspection techniques for metallic 
materials and components. Quals.: Hons. 
degree in metallurgy, Associateship of 
Institution of Metallurgists or equiv. qual. 
Good knowledge of heat treatment 
metals, testing of electro-deposited and 
chemical protective processes, metallo- 
graphy, weld tests and mechanical testing 
including strain gauges. 

Salary: £780 (age 25)-£1,220 (men). 
Age 34 or over commence at £1,065. 
Opportunities for establishment. Forms 
from Ministry of Labour, Technical and 
Scientific Register (K), 26, King Street, 
London, 8.W.1, quoting reference F456/ 
OA. Closing date 15th August, 1960. 


(CHEMIST OR METALLURGIST with 
University degree or equivalent re- 
quired for research and development work 
on fluxes for metal are welding. Some 
experience of welding desirable but not 
essential. Excellent working facilities and 
conditions, good salary and prospects. 
Apply Murex Welding Processes Limited, 
Hertford Road, Waltham Cross, Herts. 


METALLURGICAL 
ASSISTANT 


An opening occurs for a young metal- 
lurgical assistant to work process control 
laboratory. 

Duties will include metallography and 
mechanical and other testing, and the 
control of heat treatment, electroplating 
and metal joining processes. 

Candidates should have suitable pre- 
vious training and experience together 


with minimum technical qualifications 
to O.N.C. (Metallurgy). 
Applications giving full particulars 


quoting Ref. 005 should be addressed to : 
The Personnel Manager, 
TEDDINGTON AIRCRAFT 
CONTROLS, LIMITED, 


Cefn Coed, Nr. Merthyr Tydfil, Glamorgan. | Laboratories, Moorgate, Rotherham. 


of | 


SITUATIONS VACANT continued 


THE MANCHESTER COLLEGE 
OF SCIENCE AND TECHNOLOGY 
(Faculty of Technology in the 
University of Manchester) 
RESEARCH —METALLURGY 


Applications are invited from graduates 
in Metallurgy or Physics, with an interest 
in Physical or Powder Metallurgy, to join 
a team investigating (a) transformations 
in uranium and uranium alloys, and (b) 
cermets. A knowledge of X-ray diffrac- 
tion, electrical resistivity, specific heat 
of magnetic measurements would be an 
advantage. The salary will be in the 
range £500—£550 per annum, and the work 
will be suitable for submission for a 
higher degree. 

Applications should be addressed to 
the Registrar, The Manchester College 
of Science and Technology, Sackville 
Street, Manchester, 1, within ten days of 
the appearance of this advertisement, 
quoting “ Research — Metallurgy.” 


UNIVERSITY COLLEGE OF 
SOUTH WALES AND 
MONMOUTHSHIRE 
APPLICATIONS are invited for the 


| post of RESEARCH DEMONSTRATOR 


n the DEPARTMENT of METAL- 
LURGY from October 1, 1960. Present 
salary, subject to revision, is £675 per 
annum. Six copies of applications, con- 
taining the names of three referees, should 
be sent to the Registrar, University 
College, Cathays Park, Cardiff, not later 
than July 23rd, 1960. 


ASSISTANT METALLURGIST prefer- 

ably with experience of Light Alloy 
Extrusions and Tube Drawing. Appli- 
cants should possess H.N.C. in Metallurgy 
or L.I.M. Staff Superannuation Scheme. 
3 Weeks Aunual Holiday. Applicants 
should be between 22 and 30 years of age. 
Write giving full details of age, experience 
and salary required to the Personnel 


| Manager, Southern Forge Limited, Lang- 


ley, Bucks. 


THE UNITED 


RESEARCH METALLURGISTS 


The United Steel Companies Ltd., have 


| waeancies in their central Research and 


Development Department for 

1. A graduate with research experience 
in the physical metallurgy of low 
alloy steels. 


Graduates without research expe- 
rience, who will initially receive 
training in research techniques before 
joining a research team. 


Write to The Research Manager, The 


| United Steel Companies Ltd., Swinden 


METALLURGIA, July, 1960 
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SITUATIONS WANTED 


UALIFIED METALLURGIST desires 

post as consultant. 30 years’ expe- 
rience in the metallurgy of light alloys. 
Capital available. Box No. MV85. 


“Mechanical World” 
Year Book—1960 


(73rd year of publication) 


Engineering Tables, Rules and data, 
with useful articles on processes and 
materials, including cold forming, 


etc. 
360 pp. Illustrated 
(by post 5s. 9d.) 
from any bookseller or direct 


5s. net 


“Mechanical World” 
Electrical Year Book 
—1960 


(53rd year of publication) 


Electrical Notes, Data, Rules and 
Tables for design, materials and 


applications, including transistors, 
magnetic amplifiers, etc. 
359 pp. Illustrated 4s. net 


(by post 4s. 6d.) 
from any bookseller or direct 


Publishers— 


Emmott & Co. Lid. 


31 KING ST. WEST,MANCHESTER 3 


MACHINERY PLANT & 
ACCESSORIES FOR SALE 
-HIGH 30 ins. Reversing Breakdown 
Mill, with or without DC electrics, 
maximum 80 f.p.m., suitable for brass, 
copper, aluminium, or lead. Box MV88, 


SPICER’S ZIRCONITE 
MACHINABLE REFRACTORY 
| @ SOLVES A LOT OF PROBLEMS 


@ SAVES A LOT OF TIME 
Machinable Aluminium now available 


W. & C. Spicer Ltd., The Grange, Kingham, Oxon. 
TELEPHONE: KINGHAM 307 


| 


METALLOGRAPHIC 
MOUNTING MEDIUM 


N-#P. Mounting Plastic, a cold-curing 

acrylic resin, permits the rapid mount- 
ing of metallographic specimens without 
the aid of heat or pressure. 

It calls for the minimum of equipment 
and skilled attention and yet gives a 
close, tight mount, capable of a high 
degree of edge preparation. 

Used routinely by many leading manu- 
facturers. Full details on request to the 
makers: NORTH HILL PLASTICS, LTD. 
MANLEY COURT, LONDON, N.,16. 


MACHINERY PLANT & 
ACCESSORIES WANTED 


‘TWO used 2-high Reversing Mills re- 

quired by nonferrous concern, one for 
rolling up to about 9-ft. wide, the other 
for about 30-in. wide. Required im- 
mediately. Box No. MV87. 


CONSULT 


ALL TYPES OF 


HEAT TREATMENT 


ABBEY HEAT TREATMENTS LTD. 


(A.LD., Min. of Supply and other Gove. Depts.) 


PLAZA WORKS, MERTON HIGH STREET 
LONDON, S.W.19 
Phone: CHErrywood 2291/2 

We collect and deliver in the London area 


please mention 


Metallurgia 
when replying to 


advertisements 
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| ment of 


ATTACHMENT CAMERA 
PHOTOMICROGRAPHY 


& J. BECK LTD 


69/71 MORTIMER ST - LONDON W.1 
Pre-eminent for more than a century 


EDUCATION 


LANCHESTER COLLEGE OF 
TECHNOLOGY, COVENTRY 
Principal: A. J. Richmond, B.Sc.(Eng.) 
(Lond.), Ph.D., M.1.Mech.E. 
SANDWICH COURSE IN 
METALLURGY 


Applications are invited for admission 
to a THREE YEAR Sandwich Course 
leading to the Higher National Diploma 
in Metallurgy and Licentiateship of the 
Institution of Metallurgists. Candidates 
should possess either : 

National Certificate 


(a) An Ordinary 
Metallurgy of 


in Chemistry or 
sufficient merit ; 


OR 

(b) G.C.E. passes in English Language, 
Chemistry, Physics, Mathematics 
and two further non-science sub- 
jects. Either Chemistry or Physics 
or Mathematics must be at 
Advanced Level, the remainder at 
Ordinary Level. 

Industrial training is an integral part 
of the course for which both works-based 
students and college-based students direct 
from school may be accepted. In the 
latter case the College will be responsible 
for arranging industrial training, with pay, 
for suitably qualified applicants who can 
apply for a Local Authority award to 
cover the cost of maintenance and 
tuition during the periods of full-time 
study. 

Full particulars of the course may be 
obtained from the Head of the Depart. 
Chemistry, Metallurgy and 
Textiles. 
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A typical set-up showing a 
milling cutter undergoing the 
SPARCARD surface harden- 
ing treatment. 


Spark machining a deep form 
die on the SPARCATRON 
Mk III machine, above. 


SPARCATRON 


surface hardening process spark erosion machining 


For spark machining and reconditioning press tools and dies 
and wire drawing and extrusion dies in cemented carbides 
and hardened steels. There are extensive applications for 
“cutting,” reconditioning or altering flat and tangential 
form tools and similar components. 


Specially developed as a result of spark machining research, 
the SPARCARD machine provides certain high speed steel 
tools such as milling cutters, with hard wear resistant surfaces, 
and prolongs life between regrinds. 

(We have installed equipment for treating cutters by the 
SPARCARD process to customers’ demand). 


Manufactured by Impregnated Diamond Products Lid. 


SOLE AGENTS GT. BRITAIN & N. IRELAND. 
BURTON GRIFFITHS & CO LTD: KITTS GREEN: BIRMINGHAM 33 


Telephone :- STECHFORD 307! 


wea 
: 
| — 4 
— 
4 ; 4 | 


oe To increase our output of Industrial Furnaces we have acquired a modern aes 
in Bletchley, Buckinghamshire, to which we have eransferred the Furnace building 
side of our business, 


The Factory covers an area-of seme 15,000 sq. ft. and we can therefore now handle 
much larger Furnaces than before. The Works has been equipped with up-to-date 
Machine Tools, and we have excellent loading and unloading facilities which include 
an overhead runway with an electric lifting block of Stons capacity. « 


We carry a wide range of refractories which enables us to handle urgent repair 
work and give prompt delivery for new equipment. We shall be pleased to 
receive enquiries for Gas, Oit.and Electric Furnaces, Salt Baths, Air Circulators, etc. 
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